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GENERAL  REPORT. 


This  twenty-eighth  annual  report  of  the  State  Board  of  Health 
contains  a  statement  of  the  general  work  of  the  Board  for  the  year 
ending  Sept.  30, 1896,  and  of  that  which  r^elates  to  water  sapply  and 
sewerage  for  the  calendar  year  1896. 

The  first  portion,  the  general  report,  paged  in  Boman  numerals, 
includes  a  condensed  statement  of  the  work  done  under  the  statutes 
^irhich  define  the  work  of  the  Board. 

To  this  is  appended  the  reports,  in  brief,  which  the  Board  has 
already  presented  to  the  Legislature  upon  the  sewerage  of  Salem 
and  Peabody  and  the  improvement  of  the  Neponset  valley,  also  the 
joint  report  of  the  Board  with  the  Metropolitan  Park  Commission  on 
the  improvement  of  the  Charles  River. 

The  second  part  of  the  report,  paged  in  Arabic  figures,  contains 
the  fuller  details  of  the  work  of  the  Board,  under  the  acts  relating 
to  water  supply  and  sewerage,  food  and  drug  inspection,  reporting 
of  infectious  diseases,  and  such  papers  upon  special  topics  as  the 
Board  has  deemed  it  desirable  to  publish.  In  the  recent  reports  of 
the  Board  it  has  been  customary  to  present  a  condensed  annual 
statement  of  the  vital  statistics  of  the  State.  In  the  present  report 
this  statement  is  presented,  with  much  greater  fulness  of  detail,  in 
the  form  of  a  forty-year  summary,  in  which  comparative  statistics 
are  quite  fully  presented  of  the  earlier  and  later  portions  of  the 
period  (1856-95).  This  summary  is  presented  in  compliance  with 
an  increasing  demand  for  information  of  this  character. 

The  following  members  comprised  the  Board  in  1896 :  — 


Hknbt  p.  Waxcott,  Chairman. 


Frank  W.  Dbapbb. 
HiBAH  F.  Mills. 
James  W.  Hitll. 


Gerard  G.  Tobbt. 
Gharlbs  H.  Porter. 
Julian  A.  Mead. 


No  changes  have  taken  place  in  the  membership  of  the  Board  dur- 
ing the  year. 
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Infectious  Diseases. 

The  group  of  diseases  known  as  infectious,  including  tuberculosis, 
has  diminished  with  a  considerable  degree  of  uniformity  during  the 
past  half  century  in  its  incidence  upon  the  population.  Exceptions 
occur  in  the  case  of  single  years,  as  well  as  in  the  case  of  separate 
diseases  or  causes  of  death,  but  as  a  general  rule  the  death-rate  from 
such  diseases  appears  to  be  steadily  decreasing.  This  is  more  ap- 
parent when  five-year  periods  are  compared  than  when  the  compari- 
son is  applied  to  single  years. 

For  example,  the  combined  death-rate  from  small-pox,  measles, 
scarlet-fever,  diphtheria  and  croup,  typhoid  fever,  cholera  infantum, 
consumption,  whooping-cough,  dysentery  and  child-birth*  was  as 
follows  for  the  forty  years  (1856-95),  in  five-year  periods  :  — 

Deaih-rate  per  lOfiOO  living  from  Certain  Diseases. 


1S56-60,       .... 

81.7 

1876-80,       .... 

73.1 

1861-65,       .... 

98.0 

1881-85,       .... 

65.1 

1866-70,       .... 

74.8 

1886-90,       .... 

56.8 

1870-75,       .... 

84.9 

1891-95,       .... 

50.5 

By  the  foregoing  figures  it  will  be  seen  that  the  decrease  has  been 
much  more  uniform  in  the  second  twenty  years  than  it  was  in  the 
first. 

During  the  first  twenty  years  the  combined  death-rate  from  these 
causes  rose  to  more  than  100  per  10,000  living  in  three  years  of  the 
period  (1863,  64  and  72),  while  in  the  second  period  at  no  time  did 
it  rise  above  82.7  (in  the  first  year,  1876)  and  fell  to  a  minimum  of 
47.1  in  1895. 

SmdlUpox. 

Since  the  occurrence  of  the  limited  epidemic  of  small-pox  of  1893 
and  1894  there  have  been  but  very  few  cases  reported  in  the  State. 
The  whole  number  of  cases  officially  reported  to  the  board  in  1896 
under  the  statute  of  1883,  chapter  138,  was  5  and  the  details  are  as 
follows :  — 

*  The  explanation  of  the  different  incidents  of  cliild-birth  embraced  in  this  term  may  be 
foond  on  page  804. 
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IX 


Cctses  of  Small-pox  reported  to  the  State  Board  of  Health  in  1896^  under  the  Pro- 
visions of  Chapter  138  of  the  Acts  of  1883, 


No. 


Date  of 
Report 


Place  of 
OccQirence. 


Nationality. 


Occupation. 


Age. 


Sex. 


Prevlouily 
Vaccinated. 


Number 
of  Scars. 


Deaths. 


1 

Feb.  28 

Waltbam,  . 

2 

May    2 

Waltham,  . 

8 

Aug.  11 

Pepperell,  . 

4 

Aug.  U 

Pepperell,  . 

5 

Nov.  11 

Holyoke,    . 

United  States 

(Colored),   . 
United  States, 

Nova  Scotia,  . 
United  States, 


Cook, . 

28  years. 

M. 

Yes.» 

1 

Housewife, 

25  years. 

F. 

Yes.* 

1 

Engineer,  . 

84  years. 

M. 

Yes.f 

1 

> 

4mos. 

F. 

- 

- 

- 

11  years. 

M. 

Yes. 

1 

*  Vaccinated  twenty  years  before. 


t  Vaccinated  nine  years  before. 


A  sister  of  No.  5  was  a  rag  cutter  in  a  paper  mill. 

Nos.  3,  4  and  5  occurred  in  places  where  paper  mills  using  rags 
are  located. 

No.  1  was  a  cook  employed  among  laborers  on  the  Cambridge 
water  works. 

Cases  of  small-pox  occurring  in  other  parts  of  the  United  States 
were  reported  to  the  Board  in  1896,  under  the  provisions  of  an  inter- 
state agreement  made  at  Toronto,  Ontario,  in  1886. 

In  February,  2  in  Connecticut,  1  each  in  Michigan  and  the  Prov- 
inces of  Quebec  and  Ontario. 

In  March,  2  in  Alabama,  and  1  each  in  Kansas  and  Indiana. 

In  April,  11  in  Alabama  and  3  in  Pennsylvania. 

In  May,  1  each  in  Indiana  and  Washington  (State). 

In  June,  1  in  New  York. 

In  August,  1  in  Washington* 

In  November,  1  each  in  Indiana  and  Ohio. 

In  December,  1  in  Pennsylvania. 

These  30  cases,  together  with  the  5  in  Massachusetts,  making  35 
in  all,  are  all  that  were  officially  reported  in  1896  in  a  population  of 
about  seventy  million  people. 

In  addition  to  the  foregoing,  notice  was  received  from  the  quaran- 
tine station  at  New  York  of  the  arrival  at  that  port  of  the  steamers 
«*  Massilia,"  **  Victoria"  and  **  Patria"  on  February  7,  April  27  and 
May  9  with  cases  of  small-pox  on  board.  These  steamers  all  hailed 
from  Naples,  and  had  immigrants  on  board  destined  for  Massachu- 
setts cities  and  towns,  and  in  each  instance  the  boards  of  health  of 
these  cities  were  notified  of  the  fact.  It  is  not  known  that  the  dis- 
ease was  communicated  to  inhabitants  in  any  of  these  cities. 
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Typhoid  Fever. 

No  disease  or  cause  of  death  constitutes  a  better  index  or  measure 
of  the  efficiency  of  sanitary  work  than  typhoid  fever.  The  number 
of  deaths  from  this  disease  has  diminished  with  considerable  uniformity 
in  proportion  as  public  water  supplies  have  been  introduced  in  the 
cities  and  towns.  A  table  and  diagram  in  the  portion  of  this  report 
which  is  specially  devoted  to  vital  statistics  illustrates  this  principle. 

The  returns  for  1896  are  not  all  in  at  the  date  of  writing  this,  but 
sufficient  information  is  at  hand  to  show  that  the  past  year  proves 
no  exception  to  the  rule.  The  notifications  of  infectious  diseases 
which  are  constantly  received  at  the  office  of  the  Board  give  evidence 
of  the  fact  as  well  as  the  diminished  requests  for  the  assistance  of  the 
Board  in  the  investigation  of  epidemics. 

The  principal  epidemic  of  this  character  which  occurred  during  the 
time  embraced  in  this  report  was  that  of  North  Adams.  This  epi- 
demic was  reported  to  the  State  Board  of  Health  by  the  board  of 
health  of  North  Adams  late  in  September,  1895,  and  Professor 
Sedgwick  was  instructed  to  proceed  to  North  Adams  and  to  investi- 
gate the  cause  and  aid  the  local  board  in  its  inquiries. 

It  appears  from  the  table  which  is  given  on  page  xiv  that  North 
Adams  has  had  a  persistently  high  death-rate  from  typhoid  fever  for 
several  years. 

Professor  Sedgwick  found  that  considerable  apprehension  existed 
at  North  Adams  with  reference  to  the  condition  of  the  water  supply, 
which  is  taken  from  certain  reservoirs  made  by  impounding  the  water 
of  brooks  in  comparatively  uninhabited  regions,  and  from  driven 
wells  near  the  centre  of  the  city. 

Although  the  water  of  these  wells  is  hard  and  comparatively  im- 
pure it  did  not  appear  that  they  could  be  charged  with  causing  the 
unusual  prevalence  of  typhoid  fever,  since  the  distribution  of  the 
cases  would  not  warrant  this  inference.  Most  of  the  cases  in  1895 
occurred  in  the  western  and  northern  sections  of  the  city  and 
especially  in  the  valley  along  the  watershed  of  the  north  branch  of 
the  Hoosac  River. 

The  deaths  registered  in  the  four  months  of  June,  July,  August 
and  September  in  the  five  years  1891-95  were  as  follows :  1891,  3, 
1892,  3,  1893,  5,  1894,  10  and  1895,  11. 

The  cases  which  occurred  in  1895  did  not  appear  simultaneously 
or  in  large  numbers,  as  is  common  in  epidemics  due  to  infected  milk 
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or  infected  water  supplies,  but  were  continued  at  intervals  from  the 
middle  of  July  to  October,  a  few  being  reported  in  each  week. 

Professor  Sedgwick  says:  **The  epidemic  was  of  a  slow,  insidi- 
ous character,  as  if  slowly  passing  from  person  to  person,  and  from 
bouse  to  house  ;  and  as  has  been  stated,  it  was  confined  to  one,  and 
that  an  unsanitary  section  of  the  city." 

It  was  recommended  that  an  agent  of  the  Board  of  Health  should 
be  detailed  to  give  special  attention  to  disinfection  among  the  houses 
in  this  district  where  the  fever  existed. 

Limited  outbreaks  were  also  reported  as  having  occulted  at  the 
Mount  Hermon  School  in  Northfield,  at  the  State  Prison,  and  at 
Kowley,  Mass.,  but  the  total  number  of  such  outbreaks  has  been 
much  less  than  it  has  in  previous  years. 

Five  men  were  taken  ill  at  the  State  Prison  in  October,  and  the 
secretary  visited  the  prison  and  inspected  its  sanitary  condition. 
The  general  condition  of  the  buildings,  cells,  kitchen,  hospital  and 
other  apartments  appeared  to  be  good.  A  sewer  was  being  con- 
structed in  the  grounds  outside,  upon  which  the  convicts  were  at 
work,  but  none  of  those  who  were  taken  ill  had  worked  upon  this 
sewer. 

The  water  supply  is  the  water  of  Mystic  Lake  in  Medford;  occa- 
sionally alternating  with  water  from  the  general,  or  Cochituate  and 
Sudbury  supply.  The  Mystic  supplies  the  cities  of  Somerville, 
Everett  and  Chelsea.  An  inquiry  of  the  health  authorities  of  these 
cities  showed  that  typhoid  fever  was  not  unusually  prevalent  among 
them  at  the  time  of  the  occurrence  of  the  cases  at  the  prison. 

Attention  was  then  turned  to  the  milk  supply,  which  was  obtained 
from  a  contractor  doing  business  in  Charlestown,  having  a  large 
business,  and  obtaining  his  milk  from  about  one  thousand  dairies  in 
Maine  and  southern  New  Hampshire.  The  milk  came  in  each  morn- 
ing over  the  Western  Division  of  the  Boston  &  Maine  Eailroad,  be- 
ing collected  at  a  station  in  southern  New  Hampshire. 

The  conditions  prevailing  at  the  milk  distributing  station  at 
Charlestown  were  fairly  good,  and  all  the  men  connected  with  the 
work  of  distribution  and  present  at  the  station  appeared  to  be  in 
good  health  and  free  from  infection. 

One  man  who  had  charge  of  the  stable,  opening  out  of  the  dis- 
tributing room,  was  given  a  vacation  September  8  and  went  away, 
but  was  soon  after  attacked  with  typhoid  fever  and  went  to  hospital, 
where  he  was  at  the  time  of  the  inspection  (October  22).     This  man 
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had  DO  connection  with  the  work  of  distributing  or  handling  of  the 
milk,  and  his  illness  was  undoubtedly  in  the  relation  of  effect  and 
not  of  cause,  since  he  and  his  family  used  the  milk  furnished  by  this 
contractor. 

The  supply  furnished  to  the  prison  was  forty  cans  four  times  a  week, 
and  these  were  not  always  from  the  same  dairies,  but  so  far  as  could 
be  learned  were  from  several  dairies  along  the  line  of  a  railway  ex- 
tending from  southern  New  Hampshire  to  Maine.  It  was  deemed 
impracticable  to  continue  the  investigation  in  this  direction. 

Another  limited  epidemic,  in  which  the  total  number  of  cases  was 
only  7,  was  that  of  the  Mount  Hermon  School,  on  the  west  bank  of 
the  Connecticut  River  in  Northfield.  An  inspection  of  the  school  was 
made  and  advice  given  relative  to  its  water  supply  and  sewage  disposal. 

In  the  reports  of  the  Board  from  1890  to  1895,  inclusive,  a  table 
has  been  published  annually  presenting  the  deaths  and  death-rates 
from  typhoid  fever  for  a  series  of  years  in  the  cities  of  the  State, 
these  cities  being  arranged  in  the  order  of  their  population.  In  the 
present  report,  page  xiv,  this  table  has  been  rearranged,  the  statis- 
tics relating  to  typhoid  fever  being  presented  in  five-year  groups, 
and  in  each  period  the  cities  are  arranged  in  accordance  with  the 
intensity  of  their  death-rates  from  typhoid  fever.  North  Adams, 
which  became  a  city  in  1895,  has  been  added  to  the  list,  making  a 
total  of  thirty-two  cities. 

By  means  of  this  table  the  comparative  rank  of  the  different  cities 
in  each  period  and  the  rise  or  fall  in  the  typhoid  death-rate  from  one 
period  to  another  are  shown. 

While  the  general  improvement  in  the  death-rate  from  typhoid 
fever,  coincident  with  the  introduction  of  better  water  supplies,  is 
shown  in  the  latter  part  of  the  report  in  the  portion  relating  to  vital 
statistics,  it  also  appears  in  this  table,  where  the  conditions  of  cer- 
tain cities  are  considered  separately. 

In  some  instances  radical  changes  have  taken  place  in  the  rank  of 
cities,  comparing  early  with  late  periods.  Boston  has  maintained  a 
position  quite  uniformly  intermediate  in  the  list,  and  usually  slightly 
below  that  of  the  State.  It  would  undoubtedly  have  been  still 
lower  were  it  not  for  its  intimate  connection  with  the  surrounding 
territory  and  the  presence  of  many  hospitals,  in  which  patients  from 
other  cities  and  towns  are  admitted  for  treatment.  The  manufact- 
uring cities,  Holyoke,  Springfield,  Chicopee,  Lowell,  Lawrence, 
Fall  River  and  North  Adams,  have  generally  had  high  death-rates 
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throughout  most  of  the  time  included  in  the  table.  On  the  other 
hand,  the  smaller  residential  cities,  Walthara,  Newton,  Medford, 
Everett  and  Woburn,  have  usually  been  found  near  the  foot  of  the 
list,  with  low  typhoid  death-rates. 

Holyoke,  which  in  the  first  three  five-year  periods  was  at  the  head 
of  the  list  of  high  death-rates,  has  shown  a  decided  improvement  in 
the  fourth  and  fifth  periods. 

Pittsfield,  also,  from  a  position  above  the  mean,  has  dropped  be- 
low the  mean,  and  in  the  fifth  period  had  the  lowest  death-rate  from 
typhoid  fever  among  the  cities. 

On  the  other  hand,  Newburyport  has  changed  its  position  from  a 
generally  low  rank  to  a  position  near  the  top  of  the  list. 

The  death-rates  in  this  table  are  annual  death-rates  per  10,000  of 
the  living  population.  The  population  had  increased,  during  the 
whole  period  indicated  in  the  table,  about  83  per  cent,  (comparing 
the  mean  population  of  the  first  five  years  with  that  of  the  last  five) . 
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This  comparison  may  be  carried  still  further  by  an  examination  of 
the  following  table  for  the  year  1896,  which  has  been  made  up  from 
the  returns  required  by  chapter  218  of  the  Acts  of  1894.  The  fig- 
ures in  this  table  may  differ  slightly  from  those  which  are  obtained 
from  the  Registration  Report  at  a  later  date,  but  the  difference  is 
usually  very  small.  It  may  also  be  noted  that  the  results  of  a 
single  year  are  not  so  conclusive  as  those  of  longer  periods,  and 
those  of  small  cities  are  less  conclusive  than  those  of  large  ones, 
according  to  the  usual  principle  of  the  limits  of  error. 


Deaths  from  Typhoid  Fever  (1896). 


Deaths. 

Deaths 

per  10,000 

Living. 

HftTerhlU,   .       .       .       .       . 

18 

5.84 

North  Adams,    . 

11 

6.67 

Newbaryport,    . 

8 

5.46 

BomerrlUe, 

26 

4.78 

PIttofield,   . 

10 

4.72 

Lyno,  . 

27 

4.28 

Lowell, 

80 

4.20 

QnSncy, 

9 

4.18 

Cambridge, 

80 

8.50 

ChSeopee,    . 

0 

8.55 

Beverly, 

4 

3.83 

Bostoo, 

102 

3.19 

Glouceeter, 

0 

3.10 

Everett,      . 

8 

2.01 

Fall  River,  . 

26 

2.70 

Newton,      . 

7 

2.47 

New  Bedford, 

14 

2.38 

Deaths. 


Deaths 

per  10,000 

Living. 


Tannton,    . 
Springfield, 
Medford,     . 
Marlborough, 
Maiden,       . 
Waltham,    . 
Lawrence,  . 
Broekton,    . 
Chelsea, 
Fltchbnrg,  • 
Worcester, . 
Salem, 
Holyoke,     . 
Northampton, 
Wobnrn,     . 

Total,    . 

Mean,   . 


0 
11 
8 
8 
0 
4 
10 
0 
6 
4 
14 
4 
4 
1 
0 


489 


2.18 
2.07 
1.98 
1.97 
1.92 
1.87 
1.80 
1.74 
1.60 
1.40 
1.87 
1.18 
0.97 
0.58 
0.00 


2.90 


Haverhill  is  found  at  the  top  of  the  list  in  this  table  for  1896. 
With  regard  to  the  high  typhoid  death-rate  of  Haverhill  in  1896 
reference  may  be  made  to  Professor  Sedgwick's  report  to  the  board 
of  health  of  that  city,  quoted  near  the  close  of  this  volume,  under 
the  head  of  **  Health  of  Towns." 

Lynn  in  the  last  decade,  1886-95,  maintained  a  record  for  typhoid 
fever  mortality  better  than  the  average.  In  1896  the  death-rate  of 
Lynn  from  typhoid  fever  is  only  the  sixth  from  the  top  of  the  list. 
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On  the  other  hand,  Lawrence,  which  for  twenty  years  used  the 
polluted  water  of  the  Merrimack  River  without  filtration,  had  during 
that  period  an  invariably  high  typhoid  mortality.  Since  the  intro- 
duction of  thorough  filtration,  at  the  advice  of  the  State  Board,  its 
rank  in  the  columns  of  this  table  has  fallen  to  a  position  quite  near 
the  bottom  of  the  list,  and  a  mortality  of  only  1.86  per  10,000  in  1896. 

Holyoke  has  a  comparatively  good  public  water  supply,  but  for 
the  first  three  five-year  periods  stood  at  the  top  of  the  list,  with 
the  highest  typhoid  mortality.  It  then  fell  to  the  sixth  place  in  the 
fourth  and  the  eleventh  place  in  the  fifth  period,  and  then  to  the 
thirtieth  in  the  year  1896.  Upon  investigation  by  the  State  Board 
of  Health  in  1891  it  was  found  that^  notwithstanding  the  good  quality 
of  its  water  supply,  much  water  was  taken  for  drinking  purposes 
from  the  three  canals,  either  directly  or  but  imperfectly  filtered  by 
means  of  defective  filtering  galleries  in  the  bottom  of  the  canals. 
The  authorities  were  advised  to  discontinue  this  practice. 

It  may  be  added  as  a  general  statement,  in  regard  to  these  tables, 
that  the  mean  typhoid  death-rate  of  the  cities  in  the  first  or  upper 
half  of  the  list  in  1896  is  less  than  the  mean  typhoid  death-rate  of  the 
cities  in  the  lower  half  in  the  period  1871-75,  and  that  some  cities 
which  have  maintained  a  comparatively  uniform  rate  through  the 
whole  time  from  1871  to  1896  have  apparently  risen  in  this  table 
to  a  higher  relative  position,  for  the  reason  that  this  very  marked 
improvement  has  taken  place  in  many  other  cities. 

In  1896,  for  the  first  time,  there  are  three  cities  having  a  combined 
population  of  over  70,000  in  which  the  typhoid  death^ate  was  less 
than  1  per  10,000,  and  in  one  of  them  (Woburn)  there  were  no 
deaths  from  this  cause. 

Consumption, 

In  the  last  annual  report  of  the  Board  a  copy  of  the  circular  issued 
by  the  Board  in  the  preceding  year  was  published.  Soon  after  the 
publication  of  the  circular,  the  attention  of  the  Board  was  called  to 
a  monograph  by  Dr.  J.  B.  Russell,  the  Senior  Medical  Oflicer  of 
Health  of  Glasgow,  which  had  recently  been  published  in  that  city, 
entitled  **  The  Prevention  of  Tuberculosis." 

The  practical  tone  of  the  book,  and  its  clear  and  intelligent  presen- 
tation of  the  subject,  led  the  Board  to  reprint  it  for  distribution  in 
Massachusetts,  with  the  consent  of  the  author.     An  edition  of  five 
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thousand  was  published  and  distributed  throughout  the  State.  No 
publication  of  the  Board  has  been  received  and  read  with  greater 
interest,  and  it  is  hoped  that  much  benefit  will  be  derived  from  its 
free  circulation.     Copies  may  be  had  on  application  to  the  Board. 

Diphtheria. 

No  disease  or  cause  of  death  has  received  greater  attention  in 
recent  years  than  diphtheria,  and  it  is  hoped  that  the  vigorous  action 
of  health  authorities  now  being  conducted  against  this  disease  will  be 
followed  by  similar  results  as  appear  to  be  taking  place  in  the  death- 
rate  from  tuberculosis.  The  efforts  at  prevention  and  restriction  of 
disease  now  going  on  in  all  civilized  countries  may  well  receive  the 
title  usually  given  to  them  in  German  cities,  <<  a  campaign  against 
infection.** 

In  the  interest  of  the  health  of  the  people  the  Board  has  therefore 
believed  it  proper  to  offer  every  possible  facility  to  the  different 
municipalities  both  for  the  diagnosis  and  for  the  preventive  treat- 
ment of  diphtheria. 

For  the  first  of  these  objects,  the  diagnosis  of  diphtheria,  a  system 
of  examination  of  throat  cultures  has  been  established,  whereby  such 
cultures  may  be  forwarded  to  the  Board  for  examination  from  any 
city  or  town  in  the  State,  sets  of  tubes  containing  the  culture  mate- 
rial being  deposited  with  boards  of  health  and  druggists  in  convenient 
locations.  An  account  of  the  first  year's  work  in  this  direction  may 
be  found  in  this  report. 

For  the  second  object,  the  furnishing  of  antitoxine,  the  methods 
adopted  by  the  Board  have  already  been  described  in  the  report  of 
last  year,  and  a  continuation  of  the  subject  is  presented  in  this  report. 

Malarial  Fever. 

In  1885  malarial  fever  appeared  for  the  first  time  as  a  serious 
epidemic  in  eastern  Massachusetts  at  South  Framingham,  and  was 
made  the  subject  of  a  report  by  Dr.  Z.  B.  Adams  in  the  seventh 
annual  report  of  the  Board  of  Health,  Lunacy  and  Charity,  Supple- 
ment on  Public  Health. 

From  that  time  it  appeared  successively  in  other  towns  in  the 
eastern  part  of  the  State,  and  reports  have  been  made  upon  its 
operations  by  different  writers. 
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The  reports  which  have  been  published  by  the  State  Board  of 
Health  are  as  follows  :  — 

Report  of  1880,  by  Dr.  J.  F.  A.  Adams  of  Pittsfield. 
Report  of  1885,  by  Dr.  Z.  B.  Adams  of  Framingham. 
Report  of  1889,  by  Dr.  C.  H.  Cook  of  Natick. 
Brief  statement  in  report  of  1888  of  its  prevalence  in  Deerfield. 

In  addition  to  these,  special  examinations  have  been  made  of  the 
territory  along  the  banks  of  the  Charles  River  from  Dedbam  to  tide- 
water.- This  examination  was  made  by  the  Board,  acting  conjointly 
with  the  Metropolitan  Park  Commission,  first  of  the  region  from 
Waltham  to  the  sea,  and  secondly,  of  the  region  immediately  above 
Waltham. 

Investigations  have  also  been  made  at  Uxbridge,  North  Saugus 
and  at  Woburn,  in  each  of  which  places  there  have  been  serious  out- 
breaks of  malarial  fever.  In  a  small  district  in  Woburn,  mostly 
upon  the  shores  and  territory  contiguous  to  Horn  Pond,  a  house-to- 
house  inquiry  revealed  the  fact  that  over  1,900  cases  of  malarial  dis- 
ease had  existed  in  this  district  during  the  years  1894, 1895  and  1896 
in  a  somewhat  densely  settled  district  covering  an  area  of  about  one- 
half  square  mile. 

OrrENsrvE  Tbades. 

No  complaints  were  made  directly  to  the  Board  during  the  year 
with  regard  to  offensive  trades,  and  consequently  no  hearings  upon 
the  subject  were  held.  In  consequence  of  the  more  efficient  organi- 
zation of  local  boards  of  health  in  the  cities  and  large  towns  such 
matters  have  in  the  past  two  years  been  settled  by  the  local  boards. 

In  one  instance  the  advice  of  the  Board  was  asked  as  to  the  mode 
of  dealing  with  a  nuisance  of  this  character  located  in  the  town  of 
Mansfield,  where  an  establishment  existed  for  the  purpose  of  con- 
ducting the  business  of  making  fertilizers  in  a  very  crude  manner, 
the  carcasses  of  animals  being  treated  with  acids  out-of-doors  and  then 
covered  with  a  light  coating  of  soil,  the  effect  being  to  produce  a 
very  foul  odor  in  the  neighborhood. 

Manual  of  Health  Laws. 

The  Board  has  published  at  intervals  of  about  four  years,  since 
1882,  an  edition  of  the  health  laws  of  the  State,  each  edition  con- 
taining the  health  statutes  in  force  up  to  the  time  of  its  publica- 
tion. 
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An  edition  was  published  in  1894  which  soon  became  exhausted, 
although  a  larger  edition  was  printed  than  usual. 

In  1896  a  new  edition  was  prepared,  and  was  revised  with  unusual 
care  by  E.  M.  Parker,  Esq.,  of  Cambridge,  the  health  laws  in  force 
up  to  January,  1897,  being  included.  A  new  feature  of  the  manual 
is  the  complete  index  of  all  the  laws  in  force  which  precedes  the 
text,  each  law  being  referred  to  by  chapter  and  page  of  the  manual. 
A  very  complete  index  is  added  at  the  end  of  the  book. 

As  an  aid  to  local  health  boards,  physicians  and  court  officers  it 
will  be  found  indispensable.  The  following  partial  list  of  its  con- 
tents conveys  an  idea  of  its  comprehensive  character :  general  powers 
and  duties  of  the  State  Board  of  Health,  local  boards,  nuisances,  in- 
fectious diseases,  vaccination,  protection  of  infants,  quarantine,  oflfen- 
sive  trades,  water  supply  and  sewerage,  public  baths,  cemeteries  and 
barials,  cremation,  cattle  diseases,  medical  societies,  color  blindness, 
instruction  in  physiology,  etc.,  sanitary  work  of  district  police,  plumb- 
ing, stables,  bakeries,  food  and  drug  inspection,  registration  of  vital 

statistics,  inquests. 

Lead  Poisoning. 

This  subject  was  mentioned  in  the  last  report  of  the  Board,  with 
special  reference  to  the  occurrence  of  an  unusual  number  of  cases  of 
illness  in  the  town  of  Kingston,  which  upon  investigation  by  the 
Board  was  shown  conclusively  to  have  been  caused  by  the  presence 
of  lead  in  the  water  of  the  public  water  supply,  and  which  could  only 
be  accounted  for  by  the  free  use  of  lead  for  service  pipes  in  the  town. 
The  Board  at  that  time,  Sept.  23,  1895,  wrote  to  the  water  board 
of  Kingston,  recommending  the  **  immediate  removal  of  all  lead  pipes 
in  the  town,  wherever  they  are  used  for  conveying  water  for  domestic 
use,  either  as  service  pipes  or  as  street  mains." 

Since  that  time  other  cases  of  similar  character  have  been  reported 
from  other  parts  of  the  State,  notably  from  Fairhaven,  New  Bedford 
and  Milford,  and  further  investigations  are  being  conducted  with  ref- 
erence to  the  action  of  the  public  water  supplies  upon  lead  pipe. 
The  results  of  these  investigations  will  be  made  known  in  a  future 

report. 

Inspection  of  Summek  Resorts. 

There  ha^  been  for  many  years  a  limited  number  of  places,  at 
different  points  in  the  State,  at  which  large  numbers  of  people  con- 
gregate during  the  summer  months  for  longer  or  shorter  periods  of 
time.     These  were  in  some  instances  owned  and  controlled  by  relig- 
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ious  or  other  organizations.  They  were  usually  located  either  on 
the  seashore  or  upon  the  banks  of  a  river  or  lake  or  pond.  At  some 
places  cottages  were  built  and  quite  a  summer  village  was  main- 
tained, as  in  the"  case  of  Cottage  City,  Onset  Bay,  Brant  Rock, 
Salisbury  Beach,  Pleasant  Lake  in  Franklin  County,  etc.  In  other 
cases  the  camp  or  picnic  ground  was  of  a  more  temporary  character, 
where  people  gathered  in  large  numbers  for  a  single  day.  The  latter 
class  of  resorts  has  very  greatly  multiplied  within  the  past  ten  years, 
their  rapid  increase  being  due  largely  to  the  development  of  electric 
railways  in  the  neighborhood  of  the  populous  towns,  and  the  desire 
of  such  corporations  to  provide  amusement  for  their  patrons. 

In  one  instance,  eight  such  resorts  of  different  size  and  character 
have  been  established  upon  the  shores  of  a  single  lake  or  pond, 
three  upon  another  lake,  and  so  on,  and  in  some  instances  such 
places  have  been  located  upon  the  watersheds  of  public  water  sup- 
plies. In  the  case  already  noted,  where  eight  places  of  this  charac- 
ter exist  upon  one  lake  or  pond,  the  water  of  the  pond  is  the  water 
of  the  public  supply  of  the  neighboring  town.  It  is,  however,  fil- 
tered through  the  gravel  and  drawn  from  wells  or  galleries  upon  the 
shore  of  the  lake. 

It  was,  therefore,  decided  by  the  Board  that  an  investigation  of  the 
sanitary  condition  of  these  places  should  be  made,  with  several 
points  in  view,  and  with  the  intention  of  advising  or  recommending 
such  changes  as  were  deemed  necessary  to  remedy  defects  and  to 
improve  existing  unsanitary  conditions.  The  special  points  which 
were  kept  in  mind  in  the  investigation  were :  Firsts  the  possibility 
of  such  places  proving  dangerous  to  public  water  supplies,  in  con- 
sequence of  their  location  upon  the  watersheds.  Second^  as  to  the 
water  supplies  furnished  to  the  patrons  of  these  resorts.  Thirds  the 
drainage  and  sewerage  of  the  buildings.  Fourth^  their  general 
sanitary  condition,  and  especially  that  of  the  restaurants,  kitchens, 
water-closets  and  the  disposal  of  the  garbage  and  other  waste 
matters. 

The  investigation  was  under  the  management  of  Prof.  W.  T, 
Sed^i^wick  and  a  corps  of  inspectors,  and  many  places  were  also 
visited  by  the  secretary. 

The  whole  number  of  such  places  which  existed  in  the  State  so 
far  as  was  known  at  the  time  of  the  inspection  was  130,  and  nearly 
all  of  these  were  visited  personally  and  during  the  season  of  patron- 
age. 
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Beports  were  made  to  the  Board  upon  their  sanitary  condition , 
and  letters  were  then  issued  to  the  proprietors  of  those  resorts  where 
exbting  conditions  were  unsatisfactory,  describing  the  nature  of  the 
conditions  which  needed  improvement,  and  in  such  instances  as  were 
necessary  the  aid  of  the  Board  was  offered  in  examining  and  ap- 
proving such  plans  as  might  be  devised  for  the  remedy  of  unsanitary 
conditions.  In  most  instances  the  proprietors  cheerfully  complied 
with  such  suggestions  as  were  made. 

The  distribution  of  these  resorts  by  counties  was  as  follows :  — 


In  Barnstable  County,    . 

.        .      1 

In  Hampshire  County,    . 

.      3 

In  Berkshire  County, 

.      4 

In  Middlesex  County, 

.     19 

In  Bristol  County,  . 

.     11 

In  Nantucket  County, 

.      1 

In  Dukes  County,    . 

.      6 

In  Norfolk  County, 

.     12 

In  Essex  County,    . 

.    11 

In  Plymouth  County, 

.      5 

In  Franklin  County, 

.      4 

In  Suffolk  County,  . 

.      1 

In  Hampden  County, 

.     11 

In  Worcester  County,     . 

.     41 

Water  Supply  and  Sewerage. 

When  the  State  Board  of  Health  was  reorganized  in  1886,  upon 
a  similar  plan  to  that  of  the  original  board  of  1869,  a  new  law  was 
enacted  which  gave  to  the  Board  enlarged  powers  and  new  duties 
of  the  highest  importance,  having  special  reference  to  the  water 
supplies  and  systems  of  sewerage  which  constitute  so  large  a  share 
of  the  public  sanitary  works  throughout  the  State.  This  law,  en- 
titled the  **  act  to  protect  the  purity  of  inland  waters,"  often  alluded 
to  in  these  reports,  has  proved  one  of  the  most  useful  and  compre- 
hensive enactments  of  recent  years.  Under  its  provisions  an  en- 
gineering department  was  established,  which  has  carried  out  all  the 
important  work  of  this  character  which  has  been  accomplished  by 
the  Board  during  the  succeeding  years. 

Among  the  transactions  of  this  department  of  work,  already 
noticed  in  the  reports  of  the  Board,  may  be  enumerated  the  estab- 
lishment of  the  experiment  station  at  Lawrence,  with  the  many 
important  additions  to  science  which  have  been  made  there ;  the 
maintenance  of  a  laboratory  in  Boston  for  constant  use  in  the  exam- 
ination of  the  waters  of  the  State,  with  equally  important  discoveries 
and  demonstrations  of  new  principles  in  this  department  of  work 
(e.  g,j  the  chlorine  determinations  of  the  waters  of  different  localities 
at  variable  distances  from  the  sea  and  their  practical  usefulness)  ; 
the  constant  general  supervision  of  water  supplies  and  systems  of 


xxii  STATE  BOARD  OF  HEALTH.  [Jan. 

sewerage ;  the  continuous  examinations  of  these  waters  by  means  of 
chemical  and  bacterial  analyses,  as  well  as  personal  inspection  of  the 
sources  of  supply,  especially  of  those  of  doubtful  quality ;  the  work 
of  giving  advice  to  cities,  towns,  corporations  and  individuals  as  to 
the  selection  of  new  sources  of  supply,  the  improvement  and  en- 
largement of  old  ones,  the  introduction  of  systems  of  sewerage  and 
sewage  disposal. 

In  addition  to  all  these  diities,  the  establishment  of  this  depart- 
ment has  made  it  possible  for  the  Board  to  carry  out  the  wishes  of 
the  Legislature  in  regard  to  the  following  matters,  some  of  which 
may  be  reckoned  among  the  most  important  public  undertakings  in 
the  State :  the  devising  of  the  metropolitan  sewerage  system,  now 
being  completed,  started  in  1889 ;  the  investigation  of  the  sources 
of  ice  supply  of  the  State  (1890)  and  of  manufactured  ice  (1893)  ; 
the  metropolitan  water  supply  (1895),  now  in  process  of  construc- 
tion ;  the  improvement  of  the  Charles  River,  two  reports  (1894  and 
1896)  ;  the  improvement  of  the  Concord  and  Sudbury  rivers  (the 
work  of  making  these  improvements  was  intrusted  to  the  Board)  ; 
improvement  of  the  Neponset  River ;  the  sewerage  of  Salem  and 
Peabody;  and  the  investigation  of  the  Green  Harbor  dike  and 
marshes. 

In  the  present  report  the  details  of  the  work  performed  by  this 
department  in  carrying  out  its  routine  duties  will  be  found  under 
the  head  of  <*  Advice  to  Towns;"  <*  Examination  of  Water  Sup- 
plies and  Rivers;"  **  Summary  of  Water  Supply  Statistics;" 
**  Work  at  the  Lawrence  Experiment  Station  in  1896  ; "  and  **  Sew- 
age Purification  of  Cities  and  Towns  in  Massachusetts." 

Bacteriological  Department  for  Investigations  relative  to 

the  Prevalence  of.  Infectious  Diseases. 

This  department  of  the  work  of  the  Board  was  established  at  the 
Bussey  Institute,  near  the  Forest  Hills  station  of  the  New  York, 
New  Haven  &  Hartford  Railroad,  in  1894,  and  at  once  became  a 
most  important  adjunct  to  the  work  of  the  Board.  Dr.  Theobald 
Smith,  Fabyan  Professor  of  Comparative  Pathology  at  Harvard  Uni- 
versity, has  charge  of  the  work  of  the  laboratory,  which  now  consists 
mainly  of  the  diagnostic  examination  of  suspected  diphtheria  cult- 
ures, of  material  forwarded  to  the  Board  to  be  examined  for  the 
presence  of  tubercle  bacilli,  of  specimens  from  the  blood  of  per- 
sons suffering  with  malarial  symptoms,  the  preparation  of  diphtheria 
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antitoxin,  and  such  investigations  of  an  experimental  character  as 
are  from  time  to  time  deemed  necessary.  In  addition  to  the  supply 
of  diphtheria  serum,  a  supply  of  tetanus  antitoxin  is  also  now  pre- 
pared for  such  use  as  may  be  demanded. 

Very  much  of  this  work  is  conducted  under  the  difficulties  inci- 
dent to  constant  transmission  of  material  by  express  and  messenger 
service,  and  of  daily  correspondence  with  local  boards  and  physicians 
by  means  of  the  mails,  telegraphs  and  telephones. 

Cities  and  towns  in  all  parts  of  the  State,  including  several  in 
Berkshire  County,  at  a  distance  of  one  hundred  and  fifty  miles  from 
the  laboratory,  have  availed  themselves  of  the  advantages  of  this  de- 
partment. 

This  useful  work  has  grown  rapidly,  and  at  the  present  time  sev- 
eral of  the  local  boards  of  health  of  large  cities  have  organized 
departments  of  their  own  for  the  purpose  of  bacteriological  examina- 
tion. In  one  instance  (in  the  city  of  Boston)  the  local  board  also 
maintains  a  plant  for  the  production  of  antitoxin. 

Some  of  the  important  operations  of  this  department  of  the  Board's 
work  may  be  found  detailed  in  this  volume  under  the  head  of 
reports  upon  **  Toxin  Production,"  <*  Antitoxin  "  and  **  Malaria.'' 

Vital  Statistics  of  the  State. 

It  has  been  customary  in  recent  years  to  publish  in  the  annual 
report  of  the  Board  a  condensed  statement  of  the  vital  statistics  of 
the  State,  since  all  correct  deductions  relating  to  the  sanitary  prog- 
ress of  a  community  must  depend  for  their  accuracy  upon  the  records 
to  be  found  in  the  returns  of  the  vital  statistics  of  cities  and  towns. 
In  the  present  report  special  attention  has  been  given  to  this  subject 
by  the  presentation  of  a  summary  embracing  the  statistics  of  forty 
years,  and  including  the  period  from  1856  to  1895,  inclusive. 

Improvement  of  the  Charles  River. 

By  the  provisions  of  chapter  475  of  the  Acts  of  1893  the  Board 
together  with  the  Metropolitan  Park  Commissioners  were  made  a  joint 
board  to  investigate  the  <<  sanitary  condition  and  prepare  plans  for  the 
improvement  of  the  beds,  shores  and  waters  of  the  Charles  River, 
between  Charles  River  bridge^  and  the  Waltham  line  on  Charles 
River,  and  for  the  removal  of  any  nuisances  therefrom." 

The  report  of  this  joint  board  was  made  to  the  Legislature  in 
April,  1894,  and  was  also  published  in  the  twenty-sixth  annual  re- 
port of  the  Board  (page  cxxxiii). 
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An  act  was  passed  in  that  year  (1894)  by  which  the  joint  board 
was  continued  and  instructed  to  investigate  the  condition  of  the  river 
from  the  point  at  which  the  previous  investigation  terminated  as  far 
as  Mother  Brook  in  Dedham,  and  to  **  report  plans  for  its  improve- 
ment and  for  the  removal  of  nuisances  therefrom." 

This  report  was  completed  and  submitted  to  the  Legislature  in 
May,  1896,  and  the  general  report  of  the  joint  board  is  published 
in  this  volume.  The  original  report  also  contains  a  summary  of  the 
prevalence  of  intermittent  fever  in  the  region  embraced  in  the  re- 
port, by  Dr.  J.  J.  Thomas,  who  collected  information  relative  to 
the  occurrence  of  nearly  five  thousand  cases  of  malarial  disease  in 
this  region  in  the  period  1890-94. 

The  Sewerage  of  Salem  and  Peabody. 

The  city  of  Salem  and  the  town  of  Peabody  are  two  municipali- 
ties, the  former  lying  upon  Salem  harbor  and  the  latter  adjoining 
Salem,  but  further  inland.  They  have  a  combined  population  of 
nearly  45,000,  and  are  without  an  adequate  system  of  sewerage. 
The  sewage  of  the  city  is  discharged  without  system,  along  the 
shores,  while  that  of  Peabody,  consisting  largely  of  the  drainage  of 
tanneries,  empties  into  the  North  River,  which  flows  into  Salem 
harbor  at  the  northern  boundary  of  the  city  and  also  receives  sewage 
from  Salem. 

By  the  provisions  of  chapter  112  of  the  Resolves  of  1895  the  State 
Board  of  Health  was  <<  authorized  and  directed  to  consider  and 
report  a  general  system  of  drainage  and  sewerage  "  for  Salem  and 
Peabody,  or  **  for  such  parts  of  said  city  and  town,  not  all  of  which 
shall  be  wholly  within  either  of  said  municipalities,  as  may,  in  the 
opinion  of  said  Board,  be  best  drained  by  said  system." 

By  the  terms  of  this  resolve  this  report  was  to  have  been  made  in 
January,  1896,  but  the  time  was  insufficient  for  the  required  survey, 
and  was  therefore  extended  by  the  provisions  of  chapter  69  of  the 
Resolves  of  1896  to  January,  1897. 

The  general  report  of  the  Board  upon  this  subject  will  be  found 
in  the  present  volume. 

The  Neponset  Meadows. 

In  the  last  annual  report  of  the  Board  (1895)  reference  was  made 
to  the  action  of  the  General  Court  directing  the  State  Board  of 
Health  to  *'  investigate  the  sanitary  condition  of  the  meadows  of  the 
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NepoDset  Biver,  and  the  bed,  shores  and  waters  of  said  river  in  the 
towns  of  Canton,  Sharon,  Norwood,  Dedham,  Milton  and  Hyde 
Park,  and  report  whether  their  condition  is  dangerous  or  injurious 
to  the  public  health  by  reason  of  stagnant  water,  or  refuse  from 
manufactories,  or  other  causes"  (chapter  83,  Resolves  of  1895). 

The  investigations  required  by  this  resolve  were  completed  and 
the  report  was  made  to  the  Legislature  in  May,  1897. 

The  general  report  is  also  published  in  this  volume.  The  recom- 
mendations of  the  Board  were  as  follows :  — 

1.  Legislation  to  prevent  the  pollution  of  the  river. 

2.  Removal  of  the  flash  boards  at  the  dam  at  Mattapan,  enlarge- 
ment of  cross-section  of  the  river  at  certain  points,  and  deepening 
and  reconstruction  of  the  channel  wherever  it  is  necessary  to  prevent 
floouiug  of  the  meadows. 

Green  Habbob  Riveb. 

In  the  report  of  the  Board  for  1894  reference  is  made  to  a  petition 
of  those  inhabitants  of  Marshfield  living  at  Green  Harbor,  a  settlement 
upon  the  seashore  in  the  easterly  part  of  that  town.  By  the  provisions 
of  chapter  303  of  the  Acts  of  1871  a  dike  was  built  across  the  outlet  of 
this  river  about  a  half  mile  above  its  mouth,  by  which  some  two  or 
three  miles  of  salt  marsh  were  converted  into  a  fresh-water  region. 

Application  was  made  to  the  Legislature  for  the  removal  of  the 
dike.  The  question  was  referred  to  the  State  Board  of  Health  and 
the  Harbor  and  Land  Commissioners  in  1896,  acting  as  a  joint  board, 
to  investigate  and  report  upon  the  matter.  This  investigation  is 
now  in  progress. 

Local  Boabds  of  Health. 

As  towns  increase  in  population,  and  consequently  in  the  density 
with  which  the  principal  villages  are  settled,  the  need  of  efficient 
sanitary  supervision  becomes  more  apparent  every  year.  Boards 
of  health  are  organized  in  towns  where  no  separate  board  has  pre- 
viously existed.  Legislation  is  also  being  enacted  every  year,  giv- 
ing additional  powers  to  boards  of  health  and  increasing  their  duties. 

Among  the  duties  imposed  upon  local  boards  in  more  recent  years 
are  those  which  relate  to  cattle  diseases,  the  inspection  of  plumbing, 
the  licensing  of  stables,  the  inspection  of  bakeries,  the  reporting  of 
cases  of  infectious  diseases  and  of  annual  mortality  returns  to  the 
State  Board  of  Health. 
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A  question  of  considerable  importance  which  has  arisen  in  two 
different  towns  during  the  past  year  is  the  relation  of  local  boards 
of  health  to  such  public  institutions  as  exist  in  the  different  cities 
and  towns. 

Several  circumstances  in  recent  years  have  tended  to  bring  the 
State  and  local  boards  of  health  into  closer  mutual  relations  to  each 
other.  (1)  The  enactment  of  statutes  requiring  annual  returns  of 
deaths  to  the  State  Board  by  local  boards,  and  the  immediate  report- 
ing of  all  infectious  diseases  by  local  boards.  (2)  The  work  under- 
taken by  the  State  Board  to  assist  locaf  boards  in  the  diagnosis  of 
infectious  diseases,  and  in  the  supply  of  antitoxin  for  the  treatment  of 
diphtheria.  (3)  The  general  supervision  of  water  supplies  and  sys- 
tems of  sewerage,  which  was  required  of  the  State  Board  in  1886. 

Reference  has  already  been  made  in  previous  reports  of  the  Board 
to  the  organization  of  the  Association  of  Boards  of  Health,  at  whose 
quarterly  meetings  the  representatives  of  the  State  and  local  boards 
meet  for  the  discussion  of  all  questions  which  pertain  to  municipal 
as  well  as  to  general  hygiene.  This  organization  has  proved  very 
helpful  to  those  local  boards  which  have  availed  themselves  of  its 
privileges. 

The  eflSciency  of  the  sanitary  supervision  of  cities  and  towns  may 
be  in  some  measure  shown  by  the  vital  statistics  of  the  State  for  the 
past  thirty  years.  It  is  one  of  the  first  principles  of  general  hygiene 
that  the  death-rate  increases  with  the  density  of  population,  other 
things  being  equal. 

Hygienic  conditions,  however,  may  be  so  greatly  improved  as  to 
offset  the  harmful  effects  of  increasing  density.  During  the  past 
thirty  years  the  population  of  Massachusetts  has  doubled  in  number, 
and  the  density  has  increased  in  like  proportion  (that  of  1865  was 
152  inhabitants  per  square  mile,  and  that  of  1895,  300)  ;  yet  the 
death-rate  has  remained  about  the  same  throughout  these  thirty 
years,  when  long  periods  of  time  are  considered  and  not  single  years. 

The  death-rates  of  the  population  of  the  three  successive  decades 
since  1865  were  as  follows  :  — 

Periods.  Death-nte. 

1866-75, > 19.69 

1876-85, 19.35 

1886-95, 19.63 

These  figures,  when  considered  in  connection  with  the  doubling  of 
the  density,  may  be  taken  as  an  index  of  decidedly  improved  sanitary 
conditions. 
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Health  op  Towns. 

A  digest  of  the  principal  facts  of  importance  published  in  the 
aDDual  reports  of  local  boards  of  health  occupies  the  final  pages  of 
this  report.  The  general  character  of  these  reports  indicates  a  de- 
cided improvement  in  the  work  of  local  boards,  especially  in  the 
direction  of  the  management  and  control  of  infectious  diseases. 

The  table  containing  the  number  of  cases  and  deaths  from  certain 
infectious  diseases  with  the  ratio  of  fatality  which  was  formerly  pub- 
lished in  connection  with  this  digest  has  been  transferred  from  this 
portion  of  the  report  to  that  part  which  is  entitled  *'  Statistical  Sum- 
maries of  Disease  and  Mortality." 

BouTiNE  Work  or  the  Board. 

During  the  year  ending  Sept.  30,  1896,  the  Board  held  meetings 
at  least  once  in  each  month.  Meetings  of  such  of  the  standing  com- 
mittees as  were  necessary  for  the  transaction  of  business  were  also 
held  from  time  to  time,  as  well  as  joint  sessions  with  such  other 
boards  or  commissions  as  were  prescribed  by  the  Legislature. 

The  office  of  the  Board  has  been  open  throughout  the  year,  as 
prescribed  by  the  Public  Statutes,  chapter  21,  section  10,*  for  the 
transaction  of  its  authorized  business. 

Advice  has  been  very  frequently  given  at  the  office  and  by  mail 
to  local  boards  and  to  individuals  in  regard  to  sanitary  matters,  and 
many  visits  have  been  made  by  the  secretary,  the  engineers  and 
other  experts  to  cities  and  towns  for  the  purpose  of  making  investi- 
gations and  giving  advice. 

The  work  of  the  office  has  become  materially  increased  in  conse- 
quence of  being  made  a  central  station  for  the  distribution  of  anti- 
toxin to  local  boards  of  health,  hospitals  and  physicians  in  private 
practice.  To  this  has  been  added  during  the  past  year  the  work  of 
examining  the  products  of  certain  infectious  diseases  for  the  purpose 
of  determining  their  character,  notably  diphtheria,  tuberculosis  and 
malarial  fever. 

The  statistics  of  mortality  compiled  from  the  weekly  postal  card 
returns  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 

*  Office  hours,  9  a.m.  to  5  p.m.  ;  Saturdays,  9  a.m.  to  2  p.m. 
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line  of  food  and  drug  inspection,  together* with  the  prosecutions  made 
under  the  food  and  drug  acts,  and  other  important  information  rela- 
tive to  the  work  of  this  department.  In  addition  to  these  items  there 
is  also  published  in  the  same  bulletin  a  weekly  report  of  th'e  number 
of  cases  of  infectious  diseases  reported  by  the  local  boards  to  the 
State  Board  of  Health. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Table  for  the  Year  ending  Sept.  30,  1896. 

Whole  number  of  samples  of  foods  and  drugs  examined  daring  the  year,  8,338 

Samples  of  milk  examined  (included  in  the  foregoing), ....  4,48-i 

Whole  number  examined  since  beginning  of  work  in  1883,  .  .  .  76,113 
Whulu  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883, 88,905 

Number  of  prosecutions  against  oflTenders  during  the  year,     ...  75 

Number  of  convictions  during  the  year, 74 

Amount  of  tines  secured  during  the  year, $2,812  20 

Number  of  packages  of  antitoxin  issued  to  cities  and  towns,*  .  .  3,245 
Number  of  bacterial  cultures  made  for  the  diagnosis  of  diphtheria  in 

cities  and  towns,* 1,469 

Number  of  examinations  made  for  diagnosis  of  tuberculosis,*        .        .  124 
Number  of  examinations  of  blood  made  for  diagnosis  of  malarial  infec- 
tion,*               ...  67 

Number  of  notices  of  cases  of  infectious  diseases  received  and  recorded 

under  the  provisions  of  chapter  302,  Acts  of  1893,t      ....  21,315 
Number  of  postal  card  returns  of  mortality  for  cities  and  towns  received 

and  recorded,! 2,340 

Number  of  annual  reports  of  cities  and  towns  received  under  the  pro- 
visions {  of  Acts  of  1894,  chapter  2  I8.t  .        86 

Force  employed  in  general  work  of  Board  at  central  office.  State  House :  — 

Secretary, 1 

Clerks, 2 

Messenger, 1 


Total, 


4 


Force  employed  at  central  office,  State  House,  Boston,  for  food  and  drug 
inspection,  chemists  and  assistants, 2 

At  Amherst, 1 

—  3 
Inspectors, 3 

Total 6 

•  For  the  year  ending  March  31, 1897.  t  For  the  calendar  year  1896. 

t  Towns  having  a  population  of  over  6,000  inhabitants  in  each. 
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Force  employed  at  laboratory  (Bassey  Institute)  :  — 

Pathologist, 1 

Assistants, 3 

4 
Under  the  Provisions  of  Chapter  375,  Acts  op  1888. 

Applications  for  advice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, 39 

*  Relating  to  sewerage  and  drainage, 19 

Relating  to  pollution  of  sti'eams, 7 

Total, 65 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  Massachusetts  Institute  of  Technology, 2,200 

Number  of  samples  of  sewage  and  effluent  from  sewage  purification 
works  examined  chemically  at  the  Massachusetts  Institute  of  Tech- 
nology,            ...  199 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bac- 

terially  at  the  Lawrence  Experiment  Station, 2,929 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 211 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 115 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station, 6,500 

Total  number  of  samples  examined, 12,154 

Force  employed  at  central  office  :♦  — 

Chief  engineer,  .        .        .        • 1 

Assistant  engineers, 3 

Stenographers  and  clerks,  ....••..«  2 

—  6 

At  Massachusetts  Institute  of  Technology :  — 

Chemists, 5 

Chief  biologist, 1 

Assistant  biologist, 1 

—  7 

At  Lawrence  Experiment  Station :  — 

Chemists, 3 

Bacteriologists, 2 

Other  assistants  and  laborers, 4 

—  9 

Total  ordinary  force  employed  under  chapter  375,  Acts  of  1888,  .  22 

Total  ordinary  force  in  all  departments, 36 

*  Not  inclading  the  force  employed  npon  the  improvement  of  Charles,  Concord,  Sadbory  and 
Keponiet  rivers,  Salem  and  Peabody  sewerage,  or  Marshfieid  inyestigatlon. 
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The  number  of  applications  for  advice  under  the  provisions  of 
chapter  375,  Acts  of  1888,  received  since  July,  1886,  when  the  act 
relating  to  water  supply  and  sewerage  first  went  into  operation,  is 
as  follows :  — 


1886, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 


8 
22 
28 
88 
23 
53 
66 


1893, 
1894, 
1895, 
1896, 


61 
63 
82 
65 


Total, 


449 


Recommendations. 

The  following  recommendation  was  made  to  the  Legislature  at  the 
beginning  of  the  session  of  1897  :  — 

The  Board  recommends  the  continuance  of. its  investigations  now  being 
carried  on  as  authorized  by  the  provisions  of  chapter  875  of  the  Acts  of 
1888.  For  this  purpose,  and  to  make  the  necessary  investigations  in  order 
to  advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
methods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  pro- 
visions of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the 
sum  of  $30,000  will  be  required. 

Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of  several  stat- 
lites,  and  for  its  different  departments  of  work  three  appropriations  are 
annually  made,  one  for  the  general  work  of  the  Board,  one  for  the  inspec- 
tion of  food  and  drugs,  and  a  third  for  carrying  out  the  provisions  of  chapter 
375  of  the  Acts  of  1888,  relating  to  the  protection  of  the  purity  of  inland 
waters.  In  addition  to  the  foregoing,  special  appropriations  have  been 
made  from  time  to  time,  as  occasion  has  demanded,  for  the  purpose  of 
enabling  the  Board  to  conduct  special  lines  of  investigations. 


The  appropriations  for  the  different  departments  of  work  in  1896 
were  as  follows :  — 

For  the  general  work  of  the  Board, f  16,800 

For  food  and  drug  inspection, 11,600 

For  carrying  out  the  provisions  of  chapter  376,  Acts  of  1888,  .         30,000 

Total, 157,300 


Expenditures  cU  B(zcteriological  Laboratory. 

Salaries, f2,477  51 

Services, 66  05 

Travelling  expenses, 42  42 

Labor  (care  of  horses,  etc.), 482  90 

Purchase  of  animals, 99  38 

Board  of  horses, 1,285  90 

Express, 27  76 

Postage, 2  17 

Rental  of  telephone, 60  67 

Telephone  and  telegraph  messages,        ....  1  05 

Ice 15  10 

Mailing  cases, 80  52 

Fitting  up  laboratory  buildings,  including  labor  and 

teaming, •        .        .  901  19 

Apparatus,  chemicals  and  laboratory  supplies,       .        .  861  87 

Sundry  incidentals, 75  60 
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The  expenditures  in  1896  under  the  foregoing  appropriations  were 
as  follows :  — 

General  Expenditures  Sept,  30, 1895,  to  Sept.  30, 1896. 

Salaries, t^»829  99 

Travelling  expenses, 562  69 

Stationery, 261  67 

Printing, 1,248  58 

Books,  subscriptions  and  binding,    .        •        .        .        .  845  18 

Typewriting  and  library  supplies, 17  76 

Telephone  and  telegraph  messages,        ....  70  60 

Postage  and  postal  order, 237  85 

Express, 166  92 

Advertising, 9  00 

Zinc  plates,  prints  and  photo-micrographs,     ...  83  28 

Extra  services, 10  50 

Services  of  messenger, 400  50 

Drafting  diagrams, 23  50 

Special  investigations, 915  45 

For  revision  of  manual  of  health  laws,    .....       175  00 

Rent  of  chemical  laboratory, 62  50 

Weather  bureau  reports, 60  00 

Samples  of  diphtheria  antitoxin,  vaccine  lymph  and 

opium  cure  for  analysis, 17  93 

Sundry  office  supplies  and  incidental  expenses,      .        .  157  81 


$9,656  71 


6,869  59 
$16,026  30 
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Expenses  under  Chapter  375  of  Acts  of  1888  {Protection  of  Purity  of  Inland 

Waters)  for  Calendar  Year  1896. 

Salaiies,  including  wages  of   laborers   at   Lawrence  Experiment 

Station, f23,043  10 

Apparatus  and  materials,      .      ' ^  8,207  39 

Rent  of  rooms  at  Massachusetts  Institute  of  Technology,    .        .        •  750  OO 

Rent  of  Lawrence  Experiment  Station, •  150  00 

Travelling  expenses,     .        .        .        .  , 1,017  12 

Express  charges,  freight  and  teaming, 792  6i 

Use  of  tools  and  office,  Lawrence  Experiment  Station,        .        .        •  270  12 

Books,  stationery  and  drawing  materials, 879  78 

Maps,  blue  prints  and  photographs, 94  52 

Paid  for  collecting  samples  of  water, 49  00 

Postage  stamps, 80  87 

Messengers,  telegrams  and  telephone  messages, 18  87 

Printing, 196  15 

Total, $29,999  56 


For  Food  and  Drug  Inspection  for  Year  ending  Sept,  30^  1896. 

Salaries  of  analysts, $4,500  00 

Salaries  of  inspectors, 4,050  00 

Travelling  expenses  and  purchase  of  samples, '  1,851  64 

Apparatus  and  chemicals, 256  17 

Printing, 42  85 

Books, 20  00 

Index  cards  and  guides, 57  77 

Expressage, 8  15 

Extra  services, 116  00 

Sundry  small  supplies  (bottles,  etc.), 24  08 

Total, $10,921  61 

HENRY  P.  WALCOTT. 
HIRAM   F.  MILLS. 
F.  W.  DRAPER. 
GERARD  C.  TOBEY. 
JAMES  W.  HULL. 
CHARLES  H.  PORTER. 
JULIAN  A.  MEAD. 


Report  of  the  Joint  Board 
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Improvement  of  Charles  Biver. 
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REPORT  OF  THE  JOINT  BOARD  UPON  THE  IMPROYEMENT  OF 

CHARLES  RIVER. 


To  the  Honorable  the  Senate  and  Hotise  of  Representatives  of  the  Commonwealth 

in  General  Court  (assembled. 

The  undersigned,  members  of  the  joint  board,  consisting  of  the 
Board  of  Metropolitan  Park  Commissioners  and  the  State  Board  of 
Health,  to  whom  was  referred,  by  chapter  529  of  the  Acts  of  1894, 
the  investigation  of  the  sanitary  condition  of  Charles  River  and  the 
preparation  of  plans  for  the  improvement  of  the  river  and  its  banks 
from  the  line  between  Waltham  and  Watertown  to  Mother  Brook 
in  Dedham,  and  for  the  removal  of  any  nuisances  therefrom,  re- 
spectfully submit  the  following  report. 

The  two  boards  named  in  the  act  met  for  organization  July  26, 
1894.  H.  P.  Walcott  was  elected  chairman  of  the  joint  board, 
and  H.  S.  Carruth  secretary.  Mr.  Carruth  resigned  his  position 
Jan.  1,  1896,  and  John  Woodbury  was  chosen  to  succeed  him. 
Messrs.  Olmsted,  Olmsted  &  Eliot  were  asked  to  consider  the  sub- 
ject of  the  improvement  of  the  river,  and  submit  a  report  thereon. 
Mr.  Eliot  had  been  a  member  of  the  Charles  River  Improvement 
Commission,  appointed  under  authority  of  chapter  390  of  the  Acts 
of  1891,  and  had  subsequently  been  employed  as  consulting  land- 
scape architect  in  preparing  the  plans  for  the  improvement  of 
Charles  River  which  were  recommended  by  the  joint  board  ap- 
pointed to  consider  the  same,  and  a  report  upon  which  was  pre- 
sented to  the  Legislature  in  April,  1894. 

The  condition  of  the  river  has  been  personally  ascertained  by 
members  of  the  board  at  various  times,  and  they  have  carefully 
considered  the  reports  made  to  them  by  the  experts  employed,  and 
have  reached  the  following  conclusions. 

The  position  of  the  Charles  River  in  its  relation  to  the  metro- 
politan district  has,  necessarily,  a  very  great  influence  upon  the 
health  and  comfort  of  the  people  living  in  its  vicinity.     So  long  as 
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the  stream  was  comparatively  unpolluted,  its  banks  were  occupied 
at  eligible  sites  by  dwellings  of  the  better  sort.  The  increase  of 
pollution  and  the  consequent  nuisance  occasioned  by  it  have  driven 
from  the  banks  throughout  the  lower  portion  of  the  river  those  who 
could  afford  to  establish  new  homes  in  more  attractive  places,  and 
the  houses  once  occupied  by  these  people  have  been  taken  by  a 
poorer  population,  or  by  manufactories  that  seek  the  stream  for 
commercial  advantages  or  to  be  at  a  distance  from  neighbors  likely 
to  complain  of  offensive  processes  incident  to  the  business-  there 
carried  on.  In  concluding  their  report,  the  joint  board  of  1894 
made  this  statement:  **  Your  board  feels  that  no  treatment  of  the 
Charles  River  can  be  entirely  satisfactory  which  does  not  regard 
the  condition  of  the  river  above  and  in  Waltham.  At  the  boundary 
of  that  city,  by  the  terms  of  the  act  under  which  we  are  directed  to 
make  our  investigation  and  report,  our  labors  end." 

It  will  be  remembered  that  the  plan  submitted  by  the  commis- 
sion of  1894  called  for  the  preservation  of  the  public  reservation 
along  the  banks  of  the  river  up  to  the  line  between  the  city  of 
Waltham  and  the  town  of  Watertown.  At  certain  points  this  public 
reservation  is  bounded  by  existing  streets ;  at  certain  other  points 
new  streets  would  have  to  be  constructed,  for  the  purpose  of  limit- 
ing the  amount  of  land  to  be  taken  to  the  smallest  area  necessary 
to  procure  a  satisfactory  reservation.  It  is  understood  that  the 
appropriation  subsequently  made  by  the  Legislature  of  that  year 
for  the  purpose  of  enabling  the  Metropolitan  Park  Commission  to 
take  such  land  was  not  suflScient  to  carry  out  the  entire  plan  as 
recommended. 

One  of  the  disagreeable  incidents  of  the  failure  to  complete  this 
plan  is  shown  by  the  use  of  a  portion  of  the  low  land  near  the  river 
in  Waltham  for  the  erection  of  a  manufacturing  establishment, 
which  is  likely  to  be  an  injury  to  the  appearance  of  the  banks  and 
the  comfort  of  residents  in  the  vicinity ;  and  we  take  this  occasion 
to  again  call  attention  to  the  necessity  of  securing  the  banks  of  the 
stream  below  the  Waltham  line  and  above  the  centre  of  Watertown 
from  still  further  encroachment. 

It  must  not  be  understood,  from  the  language  just  used,  that  we 
wish  to  banish  from  the  banks  of  the  stream  all  manufacturing 
establishments.  We  recognize  the  necessity  to  many  of  them  of 
the  location  which  they   now  occupy;    but   it  is   also  true   that 
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there  are  located  here  some  manufacturing  establishments  which 
almost  of  necessity  involve  a  greater  or  less  injury  to  the  district 
in  which  they  are  placed,  and  it  does  not  seem  to  us  reason- 
able that  the  centre  of  one  of  the  most  attractive  portions  of  the 
metropolitan  area  should  be  forever  given  up  to  uses  for  which 
many  less  attractive  spots  are  equally  available. 

The  first  thing  likely  to  impress  a  person  looking  at  a  map  of 
the  district  above  the  dam  of  the  Boston  Manufacturing  Company 
at  Waltham  is  the  large  area  occupied  by  the  water  surface  of  the 
river  above  that  point.     On  any  pleasant  day  of  the  warmer  season 
of  the  year  this  surface  is  a  resort  for  boats  of  every  description, 
used  for  the  purposes  of  innocent  and  healthful  enjoyment,  not 
only  by  the  people  of  the  neighboring  towns  but  by  visitors  from 
the  whole  metropolitan  district,  and,  if  nothing  else  could  be  done, 
it  would  be  the  part  of  wisdom  to  take  for  public  uses  this  area, 
at  least.     Almost  the  only  circumstance  which  at  present  seriously 
impairs  the  attractiveness  or  the  healthfulness  of  this  water  surface 
and  the  banks  bordering  it  is  the  use  made  of  the  water  by  the 
manufacturing    establishments   which   control   the   principal   dam. 
Whenever  the  water  is  drawn  several  feet  below  the  level  of  the 
top  of  the  dam,  as  it  occasionally  is  in  the  seasons  of  protracted 
drought,  the  muddy  banks  or  shores  are  exposed.     As  the  stream 
for  a  large  part  of  its  course  is  still  the  public  sewer  of  the  dis- 
trict, much  putrescible  animal  and  vegetable  matter  is  deposited 
upon  these  exposed  banks  and   soon  enters  into  decomposition, 
becoming  a  source  of  discomfort  and  positive  injury  even  to  the 
health  of  those  who  visit  the  stream  for  purposes  of  recreation  or 
who  live  upon  its  banks. 

To  take  such  control  of  the  stream  as  would  prevent  material 
changes  in  the  level  above  this  dam  would  probably  inflict  at  most 
only  a  slight  damage  upon  this  manufacturing  industry.  It  is  a 
damage,  however,  that  can  readily  be  estimated  and  easily  paid  for. 
The  limit  which  we  should  recommend  to  be  placed  upon  the  water 
of  the  river  at  this  point  and  at  all  points  where  dams  exist  is  that 
the  establishments  should  be  restrained  in  their  use  of  the  water  of 
the  river  to  the  actual  capacity  of  the  river.  That  is  to  say,  a 
diurnal  variation  of  the  surface  of  the  water  of  the  river  is  unavoid- 
able, and  does  not  appear  to  us  to  be  the  source  of  danger ;  but  the 
river  should  at  no  time  be  so  far  drawn  upon  during  the  hours  of 


xxxviii  STATE  BOARD   OF  HEALTH.  [Jan. 

use  of  the  water  that  the  volume  of  water  thus  used  could  not  be 
replaced  by  the  accumulation  through  the  portion  of  the  day  when 
the  water  is  not  used. 

If  it  were  possible  to  actually  take  possession  of  a  strip  of  land 
on  both  banks  of  the  river  above  the  more  closely  built  up  portions 
of  the  city  of  Waltham,  we  believe,  having  regard  to  a  long  future, 
that  it  would  be  a  wise  investment ;  and  we  advise  that  some  por- 
tions of  the  banks  of  the  river  should  now  be  taken,  either  because 
they  are  so  attractive  in  themselves  that  the  loss  of  their  attrac- 
tiveness would  be  a  serious  injury  to  the  appearance  of  the  district, 
or  because  they  are  so  unattractive  that  they  are  necessarily  of 
small  value,  and  likely  to  be  occupied  by  objectionable  establish- 
ments and  residences. 

In  few  districts  in  the  metropolitan  area  have  the  residents  them- 
selves shown  a  more  unselfish  interest  in  the  development  of  their 
local  public  grounds  than  along  the  banks  of  this  stream,  and  the 
river  is  used  as  a  place  of  healthful  recreation  by  crowds  drawn 
from  beyond  the  limits  of  the  towns  that  border  upon  the  stream. 

With  that  inevitable  growth  of  population  that  is  sure  to  come, 
the  importance  of  this  territory  lying  in  the  heart  of  the  metro- 
politan district  must  year  by  year  grow,  and  the  diflSculties  of  ob- 
taining a  public  ownership  just  as  rapidly  increase. 

Aside  from  the  aesthetic  and  recreative  interest  which  the  beauti- 
ful shores  of  this  river  possess,  and  paramount  to  it,  is  the  question 
of  their  healthfiilness ;  and  in  this  relation  no  disease  has  in  recent 
years  attracted  more  attention,  or  deserved  more,  than  intermittent 
fever,  or  the  disease  due  to  the  so-called  malarial  influences.  The 
real  importance  of  this  disease  cannot  be  measured  by  the  deaths 
which  are  recorded  as  due  to  it.  The  disabling  eflfects  of  it  cling  to 
the  unfortunate  subject  for  years,  destroy  the  capacity  for  work  and 
diminish  the  enjoyment  of  life.  Communities  which  have  long 
suffered  from  the  disease  would  consider  no  expenditure  of  money 
extravagant  which  would  free  them  from  it ;  and  portions  of  this 
district  have  already  suffered  enough  in  recent  years  to  realize  how 
grievous  the  hardships  inflicted  by  a  perhaps  unnecessary  malady 
are. 

Amid  all  the  uncertainties  that  surround  the  origin  of  the  disease, 
the  experience  of  mankind  is  united  upon  this,  that  variations  in 
the  water  level  of  a  stream  or  pond  create  conditions  favorable 
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to  the  spread  of  malaria.  Nowhere  in  the  district  about  Boston 
are  these  conditions  of  a  variable  water  level,  at  the  season  of  the 
year  when  the  malarial  influences  are  most  active,  more  mailed 
than  above  the  dam  at  Waltham.  The  large  amount  of  organic 
matter  necessarily  present  in  the  stream  undoubtedly  contributes 
something  to  the  danger.  So  long  as  the  banks  are  covered  by 
water  the  processes  of  decomposition  go  on  slowly,  but  on  the 
exposed  shores  sun  and  air  hasten  on  these  processes  of  decay, 
with  results  which  the  people  have  always  instinctively  and  justly 
feared. 

These  considerations  emphasize  the  desirability,  from  the  sanitary 
point  of  view,  of  maintaining  the  river's  surface  at  a  level  as  nearly 
uniform  as  possible,  and  in  this  matter  the  interests  of  public  health 
and  popular  recreation  concur. 

In  November,  1894,  the  State  Board  of  Health  issued  a  circular, 
which  was  addressed  to  physicians  living  in  the  cities  and  towns 
bordering  upon  the  Charles  River  from  Watertown  to  Dedham,  for 
the  purpose  of  obtaining  information  in  answer  to  the  following 
questions :  — 

1.  When  did  intermittent  fever  first  appear  in  your  town,  judging  from 
your  own  observations? 

2.  Has  it  been  more  or  less  prevalent  in  your  town  during  the  past  five 
years  than  previously? 

3.  Have  any  means  been  taken  for  its  prevention,  such  as  the  drainage 
of  wet  lands,  or  other  methods  of  improvement? 

Fifty-seven  physicians  replied  to  these  circulars,  many  of  them 
very  fully.  The  compilation  of  the  replies  was  intrusted  to  Dr.  J. 
J.  Thomas,  who  also  visited  personally  all  of  the  infected  districts. 
Replies  were  received  from  West  Roxbury,  Jamaica  Plain,  Brook- 
line,  Dedham,  Dover,  Needham,  Waltham,  Wellesley  and  Weston. 

The  occurrence  of  a  few  scattered  cases  in  these  towns  from  1875 
to  1885  **  points  to  the  presence  of  infected  foci  which,  under  favora- 
ble conditions,  have  become  starting-points  for  its  spread  in  the  in- 
fected region/* 


xl 


STATE  BOARD  OF  HEALTH. 


[Jan. 


The  following  summary  gives  the  results  of  the  replies  to  the 
second  question,  relative  to  its  comparative  prevalence  in  the  five 
years  (1890-94)  :  — 

TotcU  Reported  CaseSy  by  Years. 


YEARS. 


1890, 
1891, 
1892, 
1893, 
1894, 

Total, 


Cases. 


442 

659 

1,355 

1,291 
1,236 


4,983 


Prevalencey  by  Toums  (1890-94). 


CITIES  AND  TOWNS. 

Cases  reported. 

ropnlation 
(1890). 

Ratio  per  1,000 
of  Population. 

Brookline, 

45 

12,103 

3.96 

Dedham, . 

12 

7,123 

1.68 

Dover, 

- 

727 

— 

Needham, 

62 

3,035 

20.40 

Newton,  . 

4,266 

24,379 

175.00 

Waltham, 

434 

18,707 

23.10 

Wellesley, 

58 

3,600 

16.10 

Weston,   . 

100 

1,664 

60.10 

Nearly  ninety  per  cent,  of  the  reported  cases  occurred  during 
the  months  of  May,  June,  July,  August,  September  and  October. 

In  regard  to  the  condition  of  the  land  near  the  river.  Dr.  Thomas 
says :  **  Both  along  the  river  itself  and  beside  the  various  tributary 
streams  is  found  much  swampy  and  poorly  drained  ground.  Not 
only  is  this  true,  but  in  many  places  the  river  itself  spreads  out  over 
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a  considerable  area,  forming  extensive  shallows  surrounded  by  a 
wider  or  narrower  strip  of  marsh.  At  seasons  when  the  water  is 
low,  many  of  the  shallows  are  exposed,  or  partly  exposed,  to  the 
air  and  sun,  while  retaining  abundance  of  moisture ;  in  other  words, 
forming  most  favorable  culture  grounds  for  the  malarial  parasite. 
This  exposure  of  large  areas  of  surface,  when  the  level  of  the  water 
is  lowered  but  a  few  inches,  is  seen  not  only  in  the  bed  of  the 
Charles  Kiver  but  along  many  of  its  tributaries  and  in  many  of  the 
ponds  which  lie  scattered  through  the  whole  region,  and  even  more 
in  the  case  of  artificial  reservoirs  constructed  for  manufacturing 
purposes,  or  for  supplying  water  to  neighboring  towns  and  cities." 

Two  methods  occur  to  us  by  which  the  preservation  of  the  at- 
tractive features  of  the  stream  may  be  secured ;  one  by  actual  pur- 
chase of  so  much  of  the  river  banks  as  may  be  necessary  for  this 
purpose,  the  other  by  some  arrangement  with  the  riparian  owners, 
by  means  of  which  the  banks  of  the  river,  to  an  appropriate  dis- 
tance from  the  stream,  shall  be  controlled  in  such  manner  as  not  to 
interfere  with  full  private  enjoyment  of  them,  but  at  the  same  time 
to  prevent,  from  the  public  point  of  view,  a  harmful  use  of  them. 

Some  of  the  higher  banks  of  the  stream  are  now  in  the  hands  of 
individuals  who  have  built  expensive  houses  and  laid  out  ornamental 
grounds ;  for  the  present,  at  least,  the  interests  of  these  owners  are 
the  same  as  those  of  the  public,  — the  preservation  of  the  river 
with  all  its  attractive  features.  To  them,  therefore,  the  proposition 
to  establish  a  line  along  the  banks  of  the  stream  within  which  no 
changes  shall  be  made  without  the  consent  of  some  public  authority 
acting  in  the  interests  of  all  would  be  a  benefit  rather  than  a  hard- 
ship, for  they  would  be  protected  against  injurious  changes  upon 
neighboring  estates.  It  would  not  be  advisable,  in  our  opinion,  to 
allow  the  public  any  right  to  enter  upon  the  territory  thus  reserved, 
for  there  should  at  the  same  time  be  secured  at  convenient  and  at- 
tractive points  sufiScient  areas  for  all  the  reasonable  uses  to  which 
this  river  is  now  put,  —  uses  which  would  be  indefinitely  multiplied 
in  case  the  natural  beauties  of  this  district  are  maintained. 

Estimates  which  have  been  made  by  persons  in  whose  knowledge 
of  the  territory  in  question  we  have  full  confidence  show  that  suffi- 
cient land  might  be  acquired  by  purchase,  where  actual  public 
ownership  seems  essential,  and  control  of  certain  other  high-priced 
or  developed  lands  secured,  the  possession  of  which  by  the  public 
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is  not  requisite  unless  an  inferior  use  of  them  is  feared,  for  a  sum 
of  money  not  exceeding  $300,000.  In  this  sum  are  included  the 
probable  expenses  of  building  some  simple  contrivances  for  the 
easy  transfer  of  boats  over  the  successive  dams  upon  the  stream. 

To  obtain  the  various  results,  the  necessity  of  which  has  been 
thus  briefly  stated,  it  is,  in  our  opinion,  imperative  that  the  follow- 
ing steps  should  be  taken  :  — 

1.  That  the  high- water  surface  of  the  Charles  River,  from  the 
dam  at  Watertown  up  to  the  Dedham  line,  should  be  made  a  por- 
tion of  the  metropolitan  park  system;  that  measures  should  be 
taken  for  securing  a  water  level  as  nearly  permanent  as  possible 
throughout  the  warmer  months  of  the  year;  that  arrangements 
should  be  made  for  the  convenient  transfer  of  boats  over  the  dams 
on  the  river. 

2.  That  certain  lands  be  taken  upon  the  banks  of  the  river  for 
places  of  public  resort  and  convenience,  and  that  rights  be  taken 
in  all  the  remaining  frontage  on  the  river  for  the  purpose  of  pre- 
venting obnoxious  uses  of  the  same. 

3.  That  the  whole  area  so  secured  be  placed  under  the  control 
of  some  public  authority  having  power  to  protect  and  improve  it. 

HENRY  P.  WALCOTT,  Chairman^ 
PHILIP  A.  CHASE, 
WILLIAM  B.  DE  LAS  CASAS, 
ABRAHAM   L.  RICHARDS, 
AUGUSTUS   HEMENWAY, 
EDWIN  B.  HASKELL, 

Board  of  Metropolitan  Park  Commissioners. 

HIRAM  F.  MILLS, 
FRANK  W.  DRAPER, 
GERARD   C.  TOBEY, 
JAMES   W.  HULL, 
CHARLES   H.  PORTER, 
JULIAN  A.  MEAD, 
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STATE  BOARD  OF  HEALTH 


UPON  THB 


Sewerage  of  the  City  of  Salem  and  the  Town  of 

Peabodt. 


To  the  Oeneral  Court  of  Massachusetts, 

The  State  Board  of  Health  has  investigated  and  considered  a  gen- 
eral system  of  drainage  and  sewerage  for  the  city  of  Salem  and  the 
town  of  Peabody,  as  authorized  and  directed  by  chapter  112  of  the 
Resolves  of  1895  and  chapter  69  of  the  Resolves  of  1896,  and  submits 
the  following  report. 

The  resolves  under  which  the  work  has  been  done  are  as  follows :  — 

[ChAPTBR  112,  RB80LTB8  OF  1895.] 

Resolve  relative  to  Sewage  Disposal  and  Drainage  in  Salem  and 

Peabody. 

Besdvedj  That  the  state  board  of  health  is  hereby  authorized  and  directed 
to  consider  and  report  a  general  system  of  drainage  and  sewerage  for  the 
city  of  Salem  and  town  of  Peabody,  or  for  such  parts  of  said  city  and  town, 
not  all  of  which  shall  be  wholly  within  either  of  said  municipalities,  as  may, 
in  the  opinion  of  said  board,  be  best  drained  by  said  system.  It  shall  be 
the  duty  of  said  board  :  —  First.  To  designate  the  portions  of  said  city  and 
town  which  shall  be  tributary  to  and  embraced  in  the  district  and  system 
to  be  BO  reported,  and  to  define  the  same  by  their  report,  with  plans  and 
mape.  Second.  To  define  and  show,  by  suitable  plans  and  maps,  such 
trunk  line  and  main  branches  as  it  shall  recommend  to  be  constructed,  with 
outlet.  Third.  To  consider  the  various  methods  of  disposal  of  sewage 
and  the  application  of  such  methods  to  any  portion  of  the  territory  herein 
mentioned;  and  to  define  the  methods  by  which  said  city  and  town,  or 
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parts  of  said  city  and  town,  may  utilize  said  trunk  line  and  main  branches 
as  an  outlet  of  a  system  of  sewerage  and  drainage  for  said  city  and  town 
and  said  parts  of  said  city  and  town  respectively ;  and  to  show  the  same  by 
plans  and  maps.  Fourth.  To  employ  such  engineering  and  other  assist- 
ance as  may  be  necessary  for  carrying  out  the  objects  of  this  resolve,  and 
to  cause  such  surveys  and  levels  to  be  made  as  will  enable  said  board  to 
determine  with  accuracy  the  location  and  grades  of  said  trunk  line  and  main 
branches,  and  also  such  surveys  and  levels  in  said  city  and  town,  and  parts 
of  said  city  and  town,  as  will  enable  said  board  to  determine  with  accuracy 
the  methods  by  which  said  city  and  town,  and  parts  of  said  city  and  town, 
may  respectively  utilize  said  trunk  line  and  main  branches,  and  to  report 
such  methods  by  plans  showing  the  main  lines  by  which  each  may  so  pro- 
vide for  itself  a  system  of  sewerage  and  drainage  with  its  outlet  into  said 
trunk  line  or  main  branches.  Fifth.  To  define  the  size  and  capacity  of 
said  trunk  line  and  main  branches,  and  the  materials  of  which  they  should 
be  constructed  and  manner  of  construction,  and  such  other  particulars  as 
will  enable  said  board  to  determine  the  probable  expense  thereof ;  and  to 
ascertain  and  rei)ort  the  cost  of  the  construction  of  said  trunk  line  and 
main  branches  and  outlet,  and  to  report  a  recommendation  as  to  the  methods 
of  apportioning  said  cost.  All  expenses  incurred  by  said  board  under  the 
provisions  of  this  resolve  shall  be  reported  to  the  governor  and  council,  and 
all  such  expenses  when  approved  by  them  shall  be  paid  out  of  the  treasury 
of  the  Commonwealth ;  but  the  total  expenditure  shall  not  exceed  three 
thousand  dollars.  The  Commonwealth  shall  be  reimbursed  for  such  ex- 
penditure under  this  resolve  as  shall  have  been  approved  by  the  governor 
and  council  in  the  following  manner :  —  The  town  of  Peabody  and  the  city 
of  Salem  shall  each  pay  such  proportion  of  the  above  expenditure  as  the 
said  board  shall  deem  to  be  equitable,  and  the  amounts  so  to  be  paid  by 
each  shall  be  assessed  and  collected  by  the  treasurer  of  the  Commonwealth 
at  the  time  required  for  the  payment  of  the  state  tax  of  said  town  and  said 
city  respectively.  Said  board  shall  make  all  reports  required  by  this  resolve 
to  the  general  court  on  or  before  the  first  Wednesday  of  January  in  the  year 
eighteen  hundred  and  ninety-six.     [^Approved  May  29^  1895, 

[Chapter  69,  Rbsoltes  of  1896.] 

Resolve  extending  the  Time  for  the  Report  of  the  State  Board  of 
Health  relative  to  Sewage  Disposal  and  Drainage  in  Salem  and 
Peabody. 

Resolvedy  That  there  be  allowed  and  paid  out  of  the  treasury  of  the  Com* 
monwealth  a  sum  not  exceeding  one  thousand  dollars,  to  be  expended  by 
the  state  board  of  health  in  continuing  the  investigations  relating  to  a  gen- 
eral system  of  drainage  and  sewerage  for  the  city  of  Salem  and  the  town 
of  Peabody,  provided  by  chapter  one  hundred  and  twelve  of  the  resolves  of 
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the  year  eighteen  hundred  and  ninety-five,  said  amount  being  in  addition  to 
the  three  thousand  dollars  provided  for  in  said  resolve ;  the  Commonwealth 
to  be  reimbursed  for  such  additional  expenditure  herein  provided  for  as 
shall  be  approved  by  the  governor  and  council,  in  the  same  manner  as  pro- 
vided in  said  resolve.  The  time  allowed  for  the  completion  of  the  report 
of  said  state  board  of  health  relative  to  said  general  system  of  drainage 
and  sewerage  for  the  city  of  Salem  and  the  town  of  Peabody  is  hereby  ex- 
tended, and  said  board  is  directed  to  submit  said  report  in  print,  together 
with  plans  and  estimates  of  cost,  to  the  city  of  Salem  and  the  town  of  Pea- 
body  on  or  before  the  first  day  of  July  in  the  present  year,  and  to  present 
a  duplicate  of  said  report  to  the  general  court  on  or  before  the  first  Wednes- 
day of  January  in  the  year  eighteen  hundred  and  ninety-seven.  [^Approved 
April  17,1896. 

The  nuisances  caused  by  the  discharge  of  sewage  about  Salem 
have  been  the  cause^of  complaint  for  many  years,  and  much  money 
has  been  expended  in  various  ways  to  improve  the  sanitary  condi- 
tion of  the  city.  The  shores  about  Salem  are  generally  low,  and 
large  areas  of  flats  are  exposed  at  low  tide.  The  flats  in  many 
places  have  become  ofiensive  on  account  of  the  discharge  of  sewage 
upon  them,  and  new  sewers  have  been  built  from  time  to  time  to 
remove  the  sewage  to  other  points  of  discharge. 

The  worst  nuisance  existing  at  present  is  found  in  the  North  River. 
This  stream  is  the  natural  drain  of  a  territory  containing  numerous 
tanneries  and  similar  establishments,  sewage  from  which  is  dis- 
charged directly  into  the  stream  The  sewage  from  these  works  is 
of  a  particularly  offensive  character,  and  contains  a  much  greater 
amount  of  putrescible  organic  matter  than  is  contained  in  an  equal 
quantity  of  ordinary  domestic  sewage.  Several  house  sewers  are 
also  discharged  into  this  stream,  but  the  quantity  of  house  sewage  is 
probably  very  small  compared  with  the  quantity  of  manufacturing 
sewage. 

Above  North  Street  bridge  the  North  River  is  confined  generally 
in  a  narrow  channel,  while  below  the  bridge  there  is  a  wide  tidal 
estuary.  The  slackening  of  the  current  of  the  river  when  it  enters 
this  estuary  causes  a  deposit  of  the  heavier  matters  from  the  sewage, 
and  it  is  understood  that  dredging  has  been  resorted  to  from  time  to 
time  in  order  to  remove  deposits  from  the  bottom  of  the  river  in  this 
vicinity. 

Nuisances  exist  in  several  other  places  about  Salem,  particularly 
in  the  South  River  and  in  Palmer's  Cove.     An  intercepting  sewer 
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recently  constructed  removes  a  small  portion  of  the  sewage  formerly 
discharging  into  the  South  River  and  some  of  the  sewage  formerly 
discharging  directly  into  the  harbor  to  a  point  of  discharge  near  the 
Philadelphia  &  Reading  coal  wharf;  but  this  place  of  discharge  is 
not  likely  to  prove  satisfactory,  on  account  of  the  large  areas  of  flats 
in  the  vicinity  of  the  outlet  and  the  slow  currents  in  the  harbor. 
Should  the  present  conditions  continue,  the  nuisances  will  inevitably 
grow  worse  with  the  increase  of  population  and  the  consequent 
increase  in  the  quantity  of  domestic  and  manufacturing  sewage 
that  will  be  discharged  into  the  streams  and  tidal  waters  about 
Salem. 

The  Board  has  not  thought  it  necessary  to  describe  in  further 
detail  the  existing  nuisances,  since  the  conditions  are  well  known  to 
the  inhabitants  of  Salem  and  Peabody,  and  several  attempts  have 
been  made  in  the  past  to  provide  a  satisfactory  remedy.  Permanent 
relief  from  existing  nuisances  can  be  obtained  only  by  purifying  the 
sewage  before  discharging  it  near  the  shores,  or  by  conveying  it  in  a 
crude  state  to  some  point  of  discharge  at  such  a  distance  from  inhab- 
ited shores  that  it  will  become  well  diluted  before  any  portion  of  it 
can  reach  any  shore. 

From  a  consideration  of  the  whole  question,  it  is  evident  that  the 
most  appropriate  and  least  expensive  method  of  disposing  of  the 
domestic  and  manufacturing  sewage  of  Salem  and  Peabody  is  by  dis- 
charging it  into  the  sea,  rather  than  by  attempting  to  purify  it  upon 
land  or  to  clarify  it  by  removing  the  suspended  matters  so  far  as  pos- 
sible by  the  use  of  chemicals. 

In  order  to  determine  the  most  appropriate  point  of  discharge  in 
Salem  harbor,  a  careful  study  of  the  tidal  currents  at  several  points 
has  been  made  by  means  of  floats.  The  results  of  these  experi- 
ments show  that  the  tidal  currents  in  Salem  harbor  are  slow  and 
weak,  as  compared  with  those  in  Boston  harbor,  at  the  places  where 
the  north  and  south  metropolitan  sewer  systems  discharge ;  and  no 
strong  tidal  current  is  found  at  any  point  near  the  shore  into  which 
the  quantity  of  sew*ige  that  is  likely  to  be  produced  by  Salem  and 
Peabody  could  be  discharged  without  danger  that  some  of  the  solid 
matters  from  the  sewage  might  be  deposited  upon  the  shores  in  the 
vicinity  of  the  outlet.  The  experiments  show  that  the  sewage  could 
be  safely  discharged  at  Great  Haste  Island  at  all  stages  of  the  tide 
without  danger  that  it  would  produce  a  nuisance  upon  any  shore,  and 
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this  is  the  most  appropriate  place  for  the  disposal  of  the  sewage ;  but 
the  cost  of  conveying  the  sewage  to  this  point  would  be  so  great  for 
the  present  population  that  it  is  desirable  to  select  a  point  nearer  the 
shore,  even  though  the  conditions  are  somewhat  less  favorable  for  the 
satisfactory  disposal  of  the  sewage.  Float  experiments  indicate  that 
if  the  sewage  should  be  discharged  at  Great  Aqua  Yitee  Beacon, 
about  half  a  mile  east  of  Fort  Pickering,  there  is  danger  that  with 
easterly  or  northerly  winds  floating  matters  from  the  sewage  might 
be  carried  to  the  shore  of  Salem  harbor,  or  even  to  the  Marble- 
head  shore  on  the  south ;  but  the  wind  would  be  likely  to  have  less 
influence  upon  a  body  of  water  covered  with  sewage  than  upon  the 
floats,  and  probably  little  if  any  trouble  would  be  experienced  from 
discharging  the  sewage  at  this  point  for  several  years.  In  view  of 
the  circumstances,  it  is  recommended  that  the  works  be  built  to  dis- 
cbarge the  sewage  at  Great  Aqua  VitsB  Beacon,  and  if  this  point  of 
discharge  becomes  objectionable  the  outlet  can  then  be  extended  to 
Great  Haste. 

Investigations  were  also  made  to  determine  the  feasibility  and 
probable  cost  of  disposing  of  the  sewage  by  discharging  it  at  a 
favorable  stage  of  the  tide  at  some  point  close  to  the  shore  of  Salem 
harbor,  and  providing  a  reservoir  to  hold  the  sewage  between  the 
tides.  A  location  for  a  reservoir  was  found  upon  Winter  Island, 
and  the  investigations  indicated  that  it  would  be  practicable  to  dis- 
pose of  the  sewage  by  discharging  it  oflT  Fort  Pickering  Light  upon 
the  outgoing  tide ;  but  on  account  of  the  extra  cost  of  the  reservoir, 
this  plan  would  be  more  expensive  than  the  plan  for  discharging  the 
sewage  continuously  at  Great  Aqua  YitsB  Beacon,  and  it  would  be 
less  satisfactory. 

The  proposed  sewer  begins  at  the  junction  of  Walnut  and  Central 
streets,  near  Peabody  Square,  in  the  town  of  Peabody,  and  extends 
through  the  valley  of  the  North  River  into  Salem,  crossing  the  main 
line  of  the  eastern  division  of  the  Boston  &  Maine  Railroad,  near  the 
northerly  end  of  the  tunnel,  and  along  the  shore  of  Collins  Cove  to 
a  proposed  pumping  station  on  the  north-easterly  side  of  the  Phila- 
delphia &  Reading  coal  wharf  at  the  shore  of  Salem  harbor.  The 
elevation  of  the  bottom  of  the  sewer  at  the  point  of  beginning  is 
12.47  feet  above  mean  low  tide,  and  its  diameter  is  3  feet  2  inches. 
The  grade  of  the  bottom  at  the  pumping  station  is  0.67  of  a  foot 
above  mean  low  tide,  and  its  diameter  6  feet. 
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At  the  pumpiDg  station  all  of  the  sewage  will  be  raised  by 
pumps  to  a  height  varying  with  the  height  of  the  tide,  and  will 
be  discharged  at  all  stages  of  the  tide  at  Great  Aqua  Vitae 
Beacon. 

The  sewer  at  its  lower  end  at  the  pumping  station  has  a  capacity 
sufficient  to  remove  38,000,000  gallons  of  sewage  in  twenty-four 
hours  if  running  two-thirds  full,  or  48,000,000  gallons  if  running 
full.  The  capacity  of  the  sewer  has  been  based  upon  an  estimated 
daily  quantity  of  80  gallons  of  ordinary  sewage  per  inhabitant  for  a 
population  of  102,000,  which  mny  be  reached  at  the  present  rate  of 
growth  in  1935,  and  upon  a  liberal  estimate  of  the  amount  of  manu- 
facturing sewage  that  may  be  produced  in  the  district  within  that 
time,  with  allowances  for  irregularity  in  the  discharge  of  sewage 
into  the  trunk  sewer. 

The  main  trunk  sewer  is  designed  to  receive  sewage  only,  and  the 
entrance  of  large  quantities  of  storm  water  should  be  prevented. 
To  this  end,  the  connections  of  existing  sewers  in  Salem,  which  now 
receive  both  sewage  and  surface  water,  with  the  main  trunk  sewer, 
should  be  provided  with  automatic  regulators,  as  is  done  in  the  case 
of  connections  between  sewers  which  receive  storm  water  and  the 
intercepting  sewers  in  the  city  of  Boston  and  in  the  metropolitan 
sewerage  district,  in  order  to  prevent  the  flooding  of  the  main  trunk 
sewer  and  other  tributary  systems  by  these  sewers  at  times  of 
storm.  The  mingled  sewage  and  storm  water  from  existing  sewers 
may  at  such  times  be  allowed  to  discharge  at  present  outlets. 

It  will  also  be  necessary  to  limit  the  quality  of  the  sewage  that 
may  enter  the  main  trunk  sewer  or  any  of  its  tributaries  so  as  to 
exclude  substances  from  manufacturing  sewage  that  will  not  flow 
through  the  sewers  or  will  have  to  be  taken  out  of  the  sand-catcher, 
and  all  matters  that  may  clog  the  pumps. 

In  some  mechanical  and  manufacturing  processes  a  considerable 
portion  of  the  water  used  may  not  be  fouled  to  an  appreciable  ex- 
tent, and  such  water  should  not  be  discharged  into  the  sewers,  but 
should  be  disposed  of  by  discharging  it  into  the  sea  or  into  some 
suitable  drainage  channel. 

The  total  cost  of  the  main  trunk  sewer,  with  pumping  station  and 
other  appurtenances  complete,  having  an  outlet  at  Great  Aqua  Vitte 
Beacon,  is  estimated  to  be  $440,116. 

On  account  of  the  topography  of  Salem  and  Peabody,  and  the  fact 
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that  only  two  muDicipalities  are  mentioned  in  the  resolve,  no  main 
branches  are  found  to  be  necessary,  within  the  meaning  of  the 
resolve. 

In  Peabody  no  general  system  of  sewers  has  as  yet  been  con- 
structed, and  it  is  recommended  that  when  the  town  shall  provide 
itself  with  a  system  of  sewers,  the  separate  system  be  em[)loyed, 
and  that  surface  water  and,  so  far  as  possible,  ground  water  be  ex- 
cluded from  the  sewers.  In  Salem  some  of  the  existing  sewers 
will,  by  means  of  extensions,  serve  as  main  lines  of  sewerage  for  the 
city. 

In  extending  the  present  sewerage  system  of  Salem  it  is  recom- 
mended that  all  new  systems  of  sewers  be  constructed  upon  the 
separate  plan  and  that  storm  water  be  wholly  excluded.  It  is  also 
very  desirable  that  the  area  from  which  storm  water  is  admitted  to 
existing  sewers  should  be  restricted  as  much  as  is  practicable,  in 
order  to  avoid  the  expense  of  pumping  considerable  quantities  of 
storm  water  and  to  limit  as  much  as  possible  the  discharge  of  crude 
sewage  in  the  vicinity  of  the  shores  at  times  of  storms. 

The  resolves  under  which  this  work  has  been  done  require  that  the 
Board  shall  ascertain  and  report  the  cost  of  construction  of  a  trunk 
line  sewer  and  main  branches  and  outlet,  and  report  a  recommenda- 
tion as  to  the  method  of  apportioning  said  cost.  In  the  case  of  the 
metropolitan  sewerage  system,  which  includes  the  city  of  Boston 
and  twenty-one  neighboring  municipalities,  the  act  providing  for 
the  construction  and  operation  of  the  system  contains  a  provision 
that  there  shall* be  a  new  apportionment  of  the  charges  for  interest, 
sinking  fund  and  maintenance  once  in  five  years ;  and  a  precedent 
for  the  apportionment  of  the  cost  of  construction  and  of  maintenance 
and  operation  of  the  metropolitan  sewers  among  the  several  cities 
and  towns  composing  the  metropolitan  sewerage  district  has  already 
been  well  established  by  the  reports  of  two  commissions  appointed 
by  the  supreme  court  to  make  such  apportionment.  The  same 
method  of  apportionment  has  been  adopted  by  both  commissions, 
and  is  as  follows :  charges  for  interest  and  sinking  fund,  which  rep- 
resent the  cost  of  construction  of  the  works,  are  based  upon  the 
valuation  of  the  municipalities  included  within  the  district,  and  the 
charges  for  maintenance  and  operation  are  based  upon  the  popula- 
tion. In  the  cases  of  cities  or  towns  portions  of  which  cannot  bo 
drained  l>y  the  metropolitan  system,  the  valuation  and  population 
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of  such  portions  were  excluded  in  favor  of  the  city  or  town  within 
whose  limits  these  areas  are  situated. 

There  appears  to  be  no  more  equitable  method  of  apportioning 
the  cost  of  construction  of  the  Salem  and  Peabody  system  between 
these  municipalities,  and  accordingly  this  method  is  recommended. 
The  property  valuations  used  by  the  commission  appointed  to  appor- 
tion the  cost  of  metropolitan  sewers,  which  reported  recently  (the 
report  being  dated  Oct.  16,  1896),  are  those  established  by  chapter 
90  of  the  Acts  of  1895,  and  the  valuations  of  Salem  and  Peabody 
established  by  that  act  are  as  follows  :  — 

Salem, 130,649,889  00 

Peabody, 8,039,864  00 

The  proposed  drainage  district  of  Salem  and  Peabody  includes 
the  whole  of  Salem,  but  6.6  square  miles,  or  4,224  acres,  in  the  town 
of  Peabody  will  not  be  drained  by  the  proposed  plan.  It  is  there- 
fore necessary,  in  deciding  the  propoftion  that  Peabody  should  pay 
toward  the  cost  of  the  works,  to  determine  the  valuation  and  popu- 
lation of  the  town,  exclusive  of  the  portion  outside  the  proposed 
sewerage  district. 

The  valuations  furnished  by  the  Tax  Commissioner  and  estab- 
lished by  chapter  90  of  the  Acts  of  1895  give  the  total  valuations 
of  the  cities  and  towns,  and  it  is  not  possible  to  determine  exactly 
the  valuation  of  the  territory  in  the  town  of  Peabody  which  will  not 
be  reached  by  the  proposed  sewer.  The  most  accurate  approxima- 
tion that  could  be  made  appeared  to  be  the  following :  it  was  pos- 
sible to  obtain  from  the  assessors  of  Peabody  the  total  valuation  of 
real  and  personal  estate  in  the  whole  town  and  in  the  portion  of  the 
town  outside  the  proposed  sewerage  district  for  May  1,  1895.  It 
was  also  possible  to  obtain  from  the  Tax  Commissioner  the  total 
amount  of  bank  and  corporation  stock  belonging  to  Peabody  in 
1894 ;  and  one  of  the  Peabody  assessors,  after  an  examination  of 
the  records  of  the  Tax  Commissioner,  made  a  statement  as  to  the 
amount  of  this  stock  that  was  chargeable  to  the  portion  of  the  town 
outside  the  proposed  sewerage  district.  The  percentage  of  the  total 
valuation  of  the  town  that  is  represented  by  the  valuation  of  the 
portion  outside  the  proposed  sewerage  district  has  been  obtained 
from  these  amounts,  as  follows :  — 
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Assessors*  valuation  of  all  real  and  personal  estate 

in  Peabody  (1895), f  7^98,750  00 

Tax  Commissioner's  valuation  of  all  corporation 

and  bank  stock  belonging  to  Peabody  (1894),     .        786,875  00 

Total  for  town  of  Peabody, 18,385,125  00 

Assessors'  valuation  of  real  and  personal  estate  in 

Peabody  outside  of  sewerage  distnct,  .        .        .      $819,250  00 

Tax  Commissioner's  valuation  of  corporation  and 
bank  stock  belonging  in  Peabody,  outside  of 
sewerage  district  ascertained  as  above  (1894),    .        105,700  00 

Total  for  area  in  Peabody  outside  of  sewerage  district,        .         924,950  00 

Net  valuation  of  sewerage  district, $7,460,175  00 

Percentage  of  total  valuation  in  Peabody,  that  is,  outside  of  sewer- 
age district, 11.03084 

Deducting  this  percentage  from  the  total  property  valuation  of 
Peabody  made  by  chapter  90  of  the  Acts  of  1895,  which  is  $8,039,- 
864,  the  total  valuation  of  property  in  the  proposed  sewerage  dis- 
trict is  as  follows :  ^ 

Salem, $30,649,889  00 

Peabody, 7,152.999  00 

Total, $37,802,888  00 

The  percentage  of  each  to  the  total  and  the  proportion  which  each 
municipality  should  pay  toward  the  cost  of  the  works  under  this  ap- 
portionment at  the  present  time  is  as  follows :  — 

Salem,.        .........      81.0782  per  cent. 

Peabody,      .........      18.9218  per  cent. 

The  estimated  annual  cost  of  maintenance,  including  all  running 
expenses  and  repairs,  of  the  trunk  sewer,  pumping  station  and  har- 
bor outfall  for  Salem  and  Peabody,  discharging  at  Great  Aqua  Yitsd 
Beacon,  is  $12,000.  The  present  quantity  of  sewage  produced  by 
Salem  and  Peabody  is  estimated  at  6,250,000  gallons  per  day,  and 
the  estimate  for  maintenance  is  based  upon  a  quantity  of  sewage 
equivalent  to  10,000,000  gallons  per  day,  which  may  represent  the 
average  quantity  of  sewage  to  be  disposed  of  for  ten  or  more  years 
in  the  future. 

In  estimating  the  proportion  which  each  municipality  should  pay 
toward  the  maintenance  and  operation  of  the  system,  the  basis  used 
by  the  commissioners  .who  apportioned  the   cost  of  metroiuilitan 
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sewers,  as  already  stated,  is  the  population ;  and  here,  also,  it  is 
necessary  to  make  allowance  for  the  number  of  people  in  the  portion 
of  Peabody  outside  of  the  proposed  sewerage  district.  It  has  not 
been  thought  necessary  to  attempt  to  determine  this  population  with 
great  accuracy,  since  an  accurate  estimate  can  be  made  when  occa- 
sion may  require.  By  a  count  of  the  houses  in  the  district  outside 
of  the  area  draining  toward  the  proposed  sewer,  it  is  found  that  there 
are  about  103  houses  in  this  district.  Allowing  a  population  of  5 
persons  to  each  house,  the  number  of  people  in  this  district  would 
be  515.  Deducting  this  number  from  the  population  of  Peabody,  as 
determined  by  the  census  of  1895,  the  estimated  number  of  people 
within  the  proposed  sewerage  district  in  the  town  of  Peabody  is 
9,992. 

Dividing  the  cost  of  maintenance  and  operation  upon  the  basis  of 
population,  estimated  as  above,  the  proportion  which  Salem  and 
Peabody  would  pay  is  shown  by  the  following  table  :  — 

Population,      Per  Cent,  of  Cost 
199S.  of  Malntenauce. 

Salem 84,473  77.53 

Peabody, 9,992  22.47 

In  constructing  public  works  of  this  magnitude  it  is  customary  to 
raise  the  money  for  the  work  by  issuing  bonds,  and  in  cases  like  the 
one  under  consideration,  where  the  works  are  expected  to  serve  for 
many  years  in  the  future,  bonds  are  issued  for  long  terms.  Pay- 
ment for  the  bonds  is  provided  for  generally  by  payments  to  a  sink- 
ing fund,  the  payments  being  so  arranged  as  to  extinguish  the  debt 
at  the  maturity  of  the  bonds.  In  order  to  indicate  approximately 
what  the  probable  yearly  cost  to  each  municipality  would  be,  should 
bonds  be  issued  for  the  construction  of  the  works  and  a  sinking  fund 
created  to  pay  them  at  maturity,  the  following  estimate  has  been 
prepared.  The  interest  charges  have  been  assumed  to  be  4  per 
cent.,  which  appears  to  be  the  average  rate  of  interest  on  town  and 
city  bonds  issued  under  favorable  conditions  within  the  last  few 
years,  although  such  bonds  would  command  a  premium  at  the  pres- 
ent time ;  and  the  sinking  fund  has  been  estimated  at  1^  per  cent, 
annually,  which  would  extinguish  the  debt  in  forty  years. 

Estimated  yearly  cost  for  interest  and  sinking  fund,  at  5} 

per  cent.,  is 1^3,106  09 

Estimated  yearly  cost  of  maintenance  is        ...        .       12,000  00 

Total, 135,106  09 
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Dividing  these  two  amounts  between  Salem  and  Peabody,  on  the 
basis  of  apportionment  already  given,  the  total  yearly  cost  and  the 
cost  per  capita  tax  to  each  municipality  would  be  as  follows :  — 


Tbarlt  Cnrr  foe 

INTBRKST 
AND  8IKKIKO  FUMD. 

Tbavlt  Con  FOB 
Maintbnavob. 

Tbarlt  Cost  for 

iktbrkst, 

8ivkino  fcmd  amd 

Maintbmancb. 

Total. 

Per 

Capita. 

ToUl. 

Per 
Capiu. 

Total. 

Per 
Capita. 

Sal«m,    . 
Peabody, 

1 18,734  00 
4,372  09 

to  54 
44 

•9,303  60 
2,696  40 

to  27 
27 

128,037  60 
7,068  49 

•0  81 
71 

Should  the  State  create  a  district,  and  should  it  construct  and 
operate  the  main  sewer  system  herein  proposed  in  the  same  manner 
as  in  the  case  of  the  metropolitan  sewerage  district,  and  charge  the 
amounts  for  interest,  sinking  fund  and  maintenance  to  the  city  of 
Salem  and  the  town  of  Peabody,  a  considerable  saving  would  be 
made  in  the  cost  of  interest  and  sinking  fund  to  Salem  and  Pea- 
body. 

In  the  case  of  the  metropolitan  sewerage  loan,  the  bonds  bear 
interest  at  a  rate  of  3  per  cent.,  but  at  the  present  time  the  rate  of 
interest  upon  State  bonds  would  probably  be  higher.  Assuming 
that  the  rate  of  interest  would  be  3^  per  cent,  (at  which  rate  the 
bonds  would  command  a  premium  at  present),  and  that  the  payment 
to  the  sinking  fund  would  be  1^  per  cent.,  as  before,  the  annual  cost 
to  Salem  and  Peabody  would  be  :  — 


Estimated  annual  cost  of  interest  and  sinking  fund,  at  4| 

per  cent.,  is t20,905  61 

Estimated  annual  cost  of  maintenance  is       ...        .       12,000  00 


Total, t32,905  61 

This  would  be  at  a  rate  of  $2,200.58  per  year  less  than  if  the 
towns  raised  the  money  themselves ;  or,  in  other  words,  the  use  of 
the  credit  of  the  State  would  reduce  the  yearly  cost  for  interest  and 
sinking  fund  by  about  9^  per  cent. 

The  total  cost  and  cost  per  capita  to  each  municipality  would  then 
be  as  follows :  —  . 
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YcARLT  Cost  for 

INTKRRST 

Alto  BiMKixo  Fund. 

< 

Trarlt  Cost  for 
Maintbnancr. 

Ybarlt  Cost  for 

imtbhrst, 
SiNKiwo  Fund  and 

BiAIMTBVAVOB. 

TotaL 

Per 
Caplu. 

TotaL 

Per 

Capita. 

Total. 

Per 

Capita. 

Salem,    . 
Peabody, 

116,949  81 
3,955  70 

to  49 
40 

19,803  60 

2,696  40 

to  27 
27 

126,253  41 
6,652  10 

to  76 
67 

By  a  provision  of  the  resolves  under  which  this  investigation  has 
been  made,  it  is  required  that  the  town  of  Peabody  and  the  city  of 
Salem  shall  each  pay  such  proportion  of  the  expenditure  as  the 
Board  shall  deem  to  be  equitable. 

It  is  deemed  equitable  that  the  cost  of  the  preliminary  investipi- 
tion  should  be  provided  for  in  a  manner  similar  to  that  which  would 
probably  be  used  in  providing  for  the  payment  of  the  cost  of  the 
works ;  that  is,  that  the  cost  of  the  investigation  should  be  divided 
upon  the  basis  of  the  valuation  of  the  portions  of  each  municipality 
included  within  the  proposed  drainage  district.  The  appropriations 
and  total  cost  of  the  work  have  been  as  follows :  — 

Appropriations, t^.OOO  00 

EXPFJ^DITURES. 

Salaries  of  engineers  and  assistants, t3,S01  50 

Travelling  expenses,       .        • 88  14 

Labor  in  making  borings, 345  54 

Pipe  and  material  for  borings,        ........  29  49 

Glass  bottles  for  samples  of  soil  from  borings, 8  88 

Teaming, 10  00 

Lumber, 7  75 

Hardware, 5  41 

Tin  cans  for  floats, ,  .  4  25 

Drafting, 80  00 

Rental  of  instiiiment, 15  00 

Drawing  materials, 13  11 

Maps  and  map  mounting, 17  85 

Stationery,  postage  and  money  order, 2  50 

Expressago, 311 

Telephone  and  telegraph  messages, 1  53 

Miscellaneous  incidentals, 9  45 


Total  expended  for  surveys  and  investigations, 


13,943  51 


1897.]  PUBLIC  DOCUMENT  — No.  34.  Ivii 

Dividing  this  amount  on  the  basis  of  valuation  of  each  munici- 
pality, the  amount  to  be  paid  by  each  as  its  share  of  the  cost  of  sur- 
Teys  and  investigations  is  as  follows :  — 

percentage  to 

be  paid.  Total. 

Salem, 81.0782       |3,197  88 

Peabody, 18.9218  746  18 

To  these  amounts  there  is  to  be  added,  under  a  ruling  of  the  State 
Auditor,  the  cost  of  printing  reports  for  each  municipality,  with 
maps  and  plans,  making  the  total  assessment  of  each  municipality  as 

follows :  — 

Salkm. 

For  proportion  of  cost  of  surveys  and  investigations,        .     tS>197  88 
For  printing  of  730  copies  of  report  (including  plans),     .  228  29 

Total  assessment, |8,420  62 

Peabody. 

For  proportion  of  cost  of  surveys  and  investigations,        .        |746  18 
For  printing  of  475  copies  of  report  (including  plans),     .  146  29 

Total  assessment, f 891  47 

and  the  Board  deems  it  equitable  that  the  city  of  Salem  shall  pay 
$3,420.62  and  the  town  of  Peabody  $891.47  as  their  proportion  of 
the  above  expenditures. 

The  reports  of  Mr.  G.  A.  Kimball,  the  engineer  employed  by  the 
Board  to  conduct  the  investigations  and  prepare  plans  of  the  works, 
and  of  Mr.  Joseph  P.  Davis,  the  consulting  engineer  of  the  Board, 
appear  in  the  special  report  presented  to  the  Legislature. 

H.  P.  WALCOTT, 
H.  F.  MILLS, 

F.  W.  DRAPER, 

G.  C.  TOBEY, 
J.  W.  HULL, 
C.  H.  PORTER, 
J.  A.  MEAD, 

State  Board  of  Health. 
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REPORT 


OP  THE 


STATE  BOARD  OF  HEALTH 


UPON  THE 


Sanitaey  Condition  and  Improvement  of  the 

Neponset  Meadows. 


To  the  Honorable  the  Senate  and  House  of  Bepresentalives  of  the  Cortimonivealth 

in  Oeneral  Court  assembled. 

The  State  Board  of  Health,  acting  under  chapter  83  of  the  Re- 
solves of  1895,  has  investigated  the  sanitary  condition  of  the 
meadows  on  the  Neponset  River  in  the  towns  of  Canton,  Sharon, 
Norwood,  Dedham,  Milton  and  Hyde  Park,  and  herewith  submits 
the  results  of  that  examination,  together  with  recommendations  for 
the  improvement  of  the  sanitary  condition  of  these  meadows  and 
the  removal  of  nuisance  therefrom. 

These  meadows  cover  an  area  of  3,662  acres.  Of  this  surface 
hardly  more  than  600  acres  appear  to  be  in  a  condition  adapted  to 
profitable  agriculture.  From  the  remaining  territory  crops  of  hay 
are  obtained  occasionally,  or  not  at  all.  The  condition  of  the 
meadows  seems  to  have  grown  worse  in  recent  years,  and  many 
of  the  larger  owners  have  abandoned  the  attempt  to  secure  some 
degree  of  drainage  by  the  maintenance  of  open  ditches,  on  account 
of  the  steadily  diminishing  returns  from  the  crops. 

At  an  earlier  day  and  for  a  succession  of  years  a  grass  known  as 
the  fowl  meadow  or  false  redtop  grew  on  these  meadows,  — the  first 
name  still  is  used  to  designate  the  locality, — and,  proving  to  be  a 
valuable  forage  plant,  gave  a  high  value  to  the  lands  upon  w  hich  it 
flourished.  The  present  condition  of  the  territory,  however,  is 
evidently  not  so  favorable  as  it  once  was  to  the  growth  or  preserva- 
tion of  this  grass,  and  it  is  also  probable  that  cheaper  transportation 


.!,iirion5.  lui  T_.i: 


UK  meaa'ii-  =1,,;... 
„  .  '<e  still  iiii''eLi:-i 

,  1:1.'  area  ii  n-i-i 
-:  r^iiro!.-;-  a' 

-    -  :j  BoslOL.  '-.. 

— T.-rfplai-'-  ■■" 

1  rular  •>■■  ■ 

.  -  -^  -Ir  J  thU  1- 


-.-...  )'^  ,(ik1  p~..  ■ 

.    .   .:Mti  tlifV-   {or.- 

-  .<■■>, —  tiiitt  f.v  ■ 


1897.]  PUBLIC  DOCUMENT  — No.  34.  Ixiu 

another  and  more  persistent  interference  with  the  current  became 
operative.  The  waste  matters  of  human  life  and  the  refuse  of  manu- 
fitctories,  when  added  to  the  waters  of  the  stream,  became  efficient 
fertilizers  for  the  vegetable  substances  that  find  a  home  there,  and 
their  increased  quantity  became  a  mechanical  hindrance  to  the  cur- 
rent, promoted  deposits  in  the  bed  of  the  stream,  and  finally,  by 
their  decay,  gave  to  the  atmosphere  odors  which  common  experience 
as  well  as  scientific  knowledge  declare  to  be  injurious  to  health. 

Aq  accurate  estimate  of  the  amount  of  sickness  produced  by  the 
condition  of  these  meadows,  founded  upon  statistical  inquiry,  is 
almost  imposaible,  and  largely  for  the  reason  that  the  common-sense 
of  the  people  and  their  freedom  to  select  more  salubrious  locations 
have  prevented  settlements  in  the  immediate  vicinity  of  these  low 
lands.  We  find  here,  at  an  average  distance  of  thirteen  miles  from 
tlie  State  House,  an  area  of  more  than  eleven  square  miles  which  is 
noinhabited.  The  people  have  not  had  the  same  objections  to  resi- 
dence near  the  great  salt  marshes  which  line  our  coast,  where  the 
cooditioDS  of  flooding  and  soil  moisture  are  apparently  as  serious  as 
they  can  be  in  the  Neponset  valley,  but  are  not  associated  with  a 
seriously  polluted  water  or  excessive  growth  and  decay  of  vegetable 
matters. 

We  are  of  the  opinion  that  the  condition  of  these  meadows  and  of 

the  beds,  shores  and  waters  of  the  Neponset  River  is  injurious  to 

the  public  health.     The  opinions  of  the  physicians  of  this  district,  as 

i  by  the  Board,  are  also  distinctly 
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has  brought  into  this  market  hay  of  a  better  quality  at  a  price  lower 
than  that  at  which  this  marsh  grass  could  be  profitably  sold.  As  a 
result  of  either  or  both  of  these  conditions,  the  value  of  these  lands 
has  steadily  fallen. 

While  it  might  be  expected  that  the  meadows  should  be  unin- 
habited, as  they  are,  it  is  not  at  first  so  easy  to  understand  why  the 
higher  grounds  in  the  vicinity  should  be  still  unoccupied  by  the 
rapidly  increasing  suburban  population  which  seeks  and  finds  accept- 
able building  sites  at  distances  from  the  business  centre  of  Boston 
more  considerable  than  any  portion  of  the  area  in  question.  The 
facilities  for  transportation  by  convenient  railroads  are  at  least  as 
good  as  can  be  found  in  other  directions  from  Boston,  and  the  towns 
which  make  up  the  district  appear  to  be  desirable  places  of  residence. 
There  has,  however,  for  years  existed  a  popular  belief  that  the 
meadows  have  become  a  source  of  sickness,  and  this  feeling  seems 
recently  to  have  increased.  Intelligent  observers  report  that  these 
meadows  are  at  times  the  source  of  disagreeable  odors  and  the  direct 
cause  of  much  sickness.  The  examinations  by  this  Board  have 
shown  that  the  upper  portion  of  the  stream  was  very  seriously 
polluted,  and  the  opinions  of  the  physicians  residing  and  practising 
in  the  valley,  which  have  been  from  time  to  time  collected,  indicate 
a  general  belief  on  the  part  of  the  medical  profession  that  the  con- 
ditions affecting  health  here  are  more  unfavorable  than  they  formerly 
were. 

The  valley  of  the  Neponset  River  has  twice  before  been  the  subject 
of  extended  examinations  by  the  State  authorities,  —  first  by  the 
State  Board  of  Health  in  1875,  and  subsequently  by  the  Massachu- 
setts Drainage  Commission  in  1885.  In  addition  to  these  exami- 
nations, a  description  of  the  Neponset  River  basin,  with  statistics 
relating  to  its  pollution  and  analyses  of  its  waters,  may  be  found 
in  the  special  report  of  the  State  Board  of  Health  on  the  examination 
of  water  supplies,  1890,  and  in  the  twenty-second  annual  report  of 
the  Board.  So  much  of  the  great  body  of  facts  collected  by  the 
Board  as  may  be  necessary  for  the  purposes  of  this  report  will  be 
found  in  the  report  of  the  engineer,  contained  in  the  special  report 
presented  to  the  Legislature. 

The  earliest  notices  of  these  meadows  give  evidence  that  even  then 
there  were  prolonged  periods  of  flooding,  and  that  it  was  found 
necessary  to  clear  the  bed  of  the  stream  from  time  to  time  of  its 
obstructions,  consisting  of  fallen  trees  and  shrubs  with  the  entangled 
rubbish.     With  the  increasing  pollution  of  the  stream,  however, 
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another  and  more  persistent  interference  with  the  current  became 
operative.  The  waste  matters  of  human  life  and  the  refuse  of  manu- 
fACtories,  when  added  to  the  waters  of  the  stream,  became  efficient 
feililizers  for  the  vegetable  substances  that  find  a  home  there,  and 
their  increased  quantity  became  a  mechanical  hindrance  to  the  cur- 
rent, promoted  deposits  in  the  bed  of  the  stream,  and  finally,  by 
their  decay,  gave  to  the  atmosphere  odors  which  common  experience 
as  well  as  scientific  knowledge  declare  to  be  injurious  to  health. 

An  accurate  estimate  of  the  amount  of  sickness  produced  by  the 
condition  of  these  meadows,  founded  upon  statistical  inquiry,  is 
almost  impossible,  and  largely  for  the  reason  that  the  common-sense 
of  the  people  and  their  freedom  to  select  more  salubrious  locations 
have  prevented  settlements  in  the  immediate  vicinity  of  these  low 
lands.  We  find  here,  at  an  average  distance  of  thirteen  miles  from 
the  State  House,  an  area  of  more  than  eleven  square  miles  which  is 

uninhabited.     The  people  have  not  had  the  same  objections  to  resi- 

* 

deoce  near  the  great  salt  marshes  which  line  our  coast,  where  the 
conditions  of  flooding  and  soil  moisture  are  apparently  as  serious  as 
they  can  be  in  the  Neponset  valley,  but  are  not  associated  with  a 
seriously  polluted  water  or  excessive  growth  and  decay  of  vegetable 
matters. 

We  are  of  the  opinion  that  the  condition  of  these  meadows  and  of 
the  beds,  shores  and  waters  of  the  Neponset  Eiver  is  injurious  to 
the  public  health.  The  opinions  of  the  physicians  of  this  district,  as 
ascertained  by  an  inquiry  instituted  by  the  Board,  are  also  distinctly 
to  the  efiect  that  the  conditions  which  now  exist  here  are  unfavor- 
able to  health  and  that  the  unhealthful  conditions  are  increasing  in 
amount  from  year  to  year. 

One  disease  has  attracted  considerable  attention  in  recent  years  in 
many  portions  of  this  State,  — malarial  fever,  —  and  portions  of  this 
valley  have  sufiTered  from  it,  and  severely,  when  the  limited  popula- 
tion is  taken  into  account. 

One  farm-house  was  found  not  far  removed  from  the  meadows,  but 
lying  many  feet  above  their  level,  which,  well  built  and  well  cared 
for,  had  failed  to  offer  adequate  protection  against  an  influence  which, 
originating  beyond  the  immediate  surroundings  of  the  house  itself, 
was  sufficiently  potent  to  affect  more  than  half  of  the  ten  occupants 
of  the  house. 

We  find  that  malarial  diseases  are  uniformly  prevalent  in  the 
Neponset  basin,  though  no  distinct  concentration  of  cases  has  been 
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anywhere  observed  except  in  the  case  of  the  farm-house  above  cited. 
This  is  a  condition  of  things  which  points  distinctly  to  some  influence 
which  pervades  the  whole  district,  and  the  obvious  origin  of  such  an 
influence  is  the  condition  of  the  Fowl  Meadows,  with  the  polluted 
river  and  large  areas  of  stagnant  water.     While  the  current  theories 
upon  the  subject  of  malarial  diseases  may  sufficiently  explain  the 
occurrence  of  these  diseases  in  a  marshy  region,  with  stagnating 
water  and  the  inevitable  accompaniment  of  decaying  vegetation,  we 
are  well  aware  that  future  scientific  examination  may  find  the  really 
essential  factor  in  some  hitherto  unsuspected  condition  of  such  terri- 
tories.    But  it  fortunately  is  true  that  malarial  diseases  where  once 
prevalent  have  disappeared  upon  the  removal  of  conditions  such  as 
those  now  found  through  the  Neponset  valley,  and  that  the  general 
healthfulness  has  been  distinctly  and  immediately  increased  thereby. 

Attention  is  also  called  to  the  report  contained  in  appendix  pre- 
pared by  the  chemist  of  the  Board.*  With  the  co-operation  of  the 
owners  of  the  larger  manufactories  on  the  river,  a  very  complete 
examination  has  been  made  of  methods  for  diminishing  the  pollution 
of  the  stream  by  treatment  of  the  effluents  from  these  establishments, 
and  it  has  been  found  that  these  effluents,  either  by  themselves  or 
when  mixed  with  ordinary  town  sewage,  can  be  satisfactorily  purified 
upon  properly  prepared  sand  filters.  It  is  advisable,  however,  to 
remove  by  sedimentation  from  the  factory  effluent,  before  it  reaches 
the  filter,  so  much  of  the  sludge  contained  therein  as  is  possible. 
This  sludge  can  be  removed  from  the  sewage  by  means  of  a  settling 
basin  of  moderate  dimensions,  and,  as  it  contains  much  more  nitrogen 
than  ordinary  sewage,  could  probably  be  readily  disposed  of. 

For  the  present,  at  least,  the  sparsely  settled  districts  adjoining 
the  meadows  do  not  appear  to  be  in  pressing  need  oif  extended  sys- 
tems of  sewerage ;  but  the  time  will  come  when  the  same  provision 
which  is  here  recommended  for  the  factory  refuse  should  be  made  for 
the  collection  and  purification  of  domestic  sewage.  There  appear 
to  be  in  the  valley  areas  of  land  suited  to  intermittent  filtration, 
and  sufficient  in  quantity  for  the  needs  of  the  district. 

Portions  of  the  banks  of  the  stream  in  the  town  of  Hyde  Park  are 
at  present  in  an  unsanitary  condition  ;  but  legislation  subsequent  to 
that  authorizing  this  inquiry  by  the  Board  has  provided  a  sufficient 
means  for  the  relief  of  this  state  of  things,  through  the  construction 
of  a  sewer  system  having  an  outlet  into  the  metropolitan  system  of 
sewerage. 

*  This  maj  be  found  in  the  special  report  of  the  Board  upon  the  Neponset  meadows,  pre- 
sented to  the  Legislature'lof  1897. 
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The  measures  which  we  recommend  for  the  remedy  of  the  con- 
ditions injurioas  to  health  now  existing  in  the  Neponset  valley  are 
these :  — 

^irsL  —  Such  additional  legislation  as  will  prevent  the  entrance 
into  this  stream  of  sewage  and  manufacturing  wastes  which  have  not 
been  satisfactorily  purified. 

Second.  —  The  permanent  removal  of  the  flashboards  of  the  dam 
of  the  Mattapan  Mills,  the  enlargement  of  the  cross-section  of  the 
river,  together  with  a  deepening  and  reconstruction  of  the  channel 
at  such  places  as  may  be  found  necessary  for  making  a  channel  of 
such  width  and  grade  as  will  prevent  the  flooding  of  the  meadows 
during  the  times  of  high  flows  in  late  spring  and  summer. 

A  conservative  estimate  of  the  cost  of  making  this  improvement, 
irrespective  of  land  and  water  damages,  is,  in  round  numbers, 
$125,000.  The  engineer  also  presents  some  figures*  to  show  the 
increase  in  the  value  of  meadow  lands  reclaimed,  and  to  this  sum 
should  also  be  added  the  enhanced  value  of  the  now  neglected 
building  sites  immediately  adjoining  the  meadows.  It  can  thus  be 
demonstrated,  we  think,  that  the  work  of  improvement  would  be 
justifiable,  from  a  money  stand-point  alone.  We  have  not  consid- 
ered it  within  our  province  to  present  the  agricultural  advantages 
of  a  drainage  of  this  expanse  of  meadows.  Land  so  well  adapted, 
as  this  would  be  when  drained,  to  the  purposes  of  market  gardening 
mast  always  have  a  value  near  a  great  market  far  in  advance  of  any 
price  now  paid  for  land  in  this  district. 

When  we  limit  ourselves,  however,  to  considerations  of  health,  it 
scarcely  seems  necessary,  now  that  a  considerable  portion  of  the 
State  has  acquired  a  knowledge  of  the  depressing  and  disabling 
effects  of  malarial  diseases,  to  insist  upon  the  economical  value  of  a 
freedom  from  the  conditions  that  favor  their  prevalence.  We  do  not 
hesitate,  therefore,  to  recommend  the  improvement  of  this  district, 
the  healthfiilness  of  which  is  vital  to  the  immediate  residents  therein, 
as  well  as  to  the  occupants,  present  and  future,  of  the  lands  lying 
about  it. 

It  will  be  remembered  that,  in  accordance  with  the  recommenda^ 
tions  of  the  Massachusetts  Drainage  Commission,  legislation  was  had 
now  embodied  in  chapter  375  of  the  Acts  of  1888.  Under  the  pro- 
visions of  this  act  the  State  Board  of  Health  has  the  general  over- 
sight and  care  of  all  inland  waters.     The  commission  which  suggested 

•  To  be  ^onod  in  the  report  of  the  eDgineer,  which  accompanies  the  special  document  on 
the  Neponset  meadows,  presented  to  the  Legislature  of  1897. 
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the  legislation  above  referred  to  used  these  words  in  their  report  to 
the  Legislature  of  1886  :  — 

Let  these  guardians  of  inland  waters  be  charged  to  acquaint  themselves 
with  the  actual  condition  of  all  waters  within  the  State  as  respects  their 
pollution  or  purity,  and  to  inform  themselves  particularly  as  to  the  relation 
which  that  condition  bears  to  the  health  and  well-being  of  any  part  of  the 
people  of  the  Commonwealth.  Let  them  do  away,  as  far  as  possible,  with 
all  remediable  pollution,  and  use  every  means  in  their  power  to  prevent 
further  vitiation.  They  shall  put  themselves  at  the  disposal  of  manufact- 
urers and  others  using  rivers,  streams  or  ponds,  or  in  any  way  misusing 
them,  to  suggest  the  best  means  of  minimizing  the  amount  of  dirt  in  their 
effluent,  and  to  experiment  upon  methods  of  reducing  or  avoiding  pollution. 
They  shall  warn  the  persistent  violater  of  all  reasonable  regulation  in  the 
management  of  water  of  the  consequences  of  his  acts.  In  a  word,  it  shall 
be  their  especial  function  to  guard  the  public  Interest  and  the  public  health 
in  its  relation  with  water,  whether  pure  or  defiled,  with  the  ultimate  hope, 
which  must  never  be  abandoned,  that  sooner  or  later  ways  may  be  found  to 
redeem  and  preserve  all  the  waters  of  the  State. 

The  suggestions  contained  in  these  sentences  have  governed  the 
action  of  this  Board  during  the  ten  years  which  have  passed  since 
the  State  Board  of  Health  was  made  the  official  guajrdian  of  the  inland 
waters  of  the  Commonwealth.  It  is  our  opinion  that  all  reasonable 
efforts  have  been  exhausted  in  the  attempt  to  do  away  with  the 
remediable  pollution  of  these  waters,  and  that  the  time  has  come 
when  the  State  must  take  more  effective  measures  for  the  preven- 
tion of  the  pollution  of  the  streams  not  now  used  as  sources  of 
domestic  water  supply,  but  still  capable  of  injurious  effect  upon  the 
public  health. 

H.  P.  WALCOTT. 
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WATER  SUPPLY  AND    SEWERAGE  * 


[Report  required  by  the  provisions  of  chapter  875  of  the  Acts  of  1888a 
entitled  "An  Act  to  protect  the  purity  of  inland  waters,  and  to  require 
consultation  with  the  State  Board  of  Health  reflrardinflr  the  establishment 
of  systems  of  water  supply,  drainagre  and  seweraflre."] 

The  following  report  contains  a  summary  of  the  work  of  the 
Stat«  Board  of  Health  during  the  year  1896,  under  the  provisions 
of  chapter  375  of  the  Acts  of  1888,  including  the  substance  of  the 
replies  made  by  the  Board  to  those  cities,  towns,  corporations  and 
individuals  which  have  applied  to  the  Board  for  its  advice  relative 
to  systems  of  water  supply,  drainage  and  sewerage,  under  the  re- 
quirements of  this  act,  and  of  special  acts  which  include  a  clause 
requiring  the  approval  by  the  Board  of  plans  and  schemes  relative 
to  water  supply  and  sewerage,  together  with  a  brief  statement  of 
the  work  done  at  the  experiment  station  at  Lawrence  and  in  con- 
nection with  the  examinations  of  water  supplies  and  rivers. 

During  the  year  1896  public  water  supplies  were  introduced  in 
the  towns  of  Hatfield,  Rutland,  Weston  and  Winchendon,  and  im- 
portant additions  to  the  sources  of  many  existing  works  were  made. 
At  the  end  of  the  year  1896  all  of  the  31  cities  in  the  Common- 
wealth and  127  towns  out  of  a  total  of  322  were  provided  with 
public  water  supplies.  The  total  population  of  the  communities 
having  a  public  water  supply  is  89.8  per  cent,  of  the  total  popula- 
tion of  the  State.  There  are  now  but  3  towns  which  by  the  census 
of  1895  have  a  population  exceeding  3,500  which  are  not  provided 
with  a  public  water  supply.  The  names  of  these  towns,  with  their 
respective  populations  in  1895,  are  as  follows :  — 

Towns.  Population. 

Blackstone, 6,039 

Barnstable, 4,055 

North  Andover, 3,569 

•  The  first  pages  of  this  report  were  contained  in  a  report  made  to  the  Legislature  Jan.  11, 
1897  (Senate  Document,  No.  4).  A  portion  of  the  report  then  made,  relating  to  the  work  done 
at  the  Lawrence  Experiment  Station,  is  not  reproduced,  because  a  more  complete  account  of 
the  work  done  at  this  place  will  be  found  in  a  subsequent  part  of  this  volume. 
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anywhere  observed  except  in  the  case  of  the  farm-house  above  cited. 
This  is  a  condition  of  things  which  points  distinctly  to  some  influence 
which  pervades  the  whole  district,  and  the  obvious  origin  of  such  an 
influence  is  the  condition  of  the  Fowl  Meadows,  with  the  polluted 
river  and  large  areas  of  stagnant  water.  While  the  current  theories 
upon  the  subject  of  malarial  diseases  may  suflSciently  explain  the 
occurrence  of  these  diseases  in  a  marshy  region,  with  stagnating 
water  and  the  inevitable  accompaniment  of  decaying  vegetation,  we 
are  well  aware  that  future  scientific  examination  may  find  the  really 
essential  factor  in  some  hitherto  unsuspected  condition  of  such  terri- 
tories. But  it  fortunately  is  true  that  malarial  diseases  where  once 
prevalent  have  disappeared  upon  the  removal  of  conditions  such  as 
those  now  found  through  the  Neponset  valley,  and  that  the  general 
healthfiilness  has  been  distinctly  and  immediately  increased  thereby. 

Attention  is  also  called  to  the  report  coiitained  in  appendix  pre- 
pared by  the  chemist  of  the  Board.*  With  the  co-operation  of  the 
owners  of  the  larger  manufactories  on  the  river,  a  very  complete 
examination  has  been  made  of  methods  for  diminishing  the  pollution 
of  the  stream  by  treatment  of  the  effluents  from  these  establishments, 
and  it  has  been  found  that  these  effluents,  either  by  themselves  or 
when  mixed  with  ordinary  town  sewage,  can  be  satisfactorily  purified 
upon  properly  prepared  sand  filters.  It  is  advisable,  however,  to 
remove  by  sedimentation  from  the  factory  effluent,  before  it  reaches 
the  filter,  so  much  of  the  sludge  contained  therein  as  is  possible. 
This  sludge  can  be  removed  from  the  sewage  by  means  of  a  settling 
basin  of  moderate  dimensions,  and,  as  it  contains  much  more  nitrogen 
than  ordinary  sewage,  could  probably  be  readily  disposed  of. 

For  the  present,  at  least,  the  sparsely  settled  districts  adjoining 
the  meadows  do  not  appear  to  be  in  pressing  need  of  extended  sys- 
tems of  sewerage ;  but  the  time  will  come  when  the  same  provision 
which  is  here  recommended  for  the  factory  refuse  should  be  made  for 
the  collection  and  purification  of  domestic  sewage.  There  appear 
to  be  in  the  valley  areas  of  land  suited  to  intermittent  filtration, 
and  sufficient  in  quantity  for  the  needs  of  the  district. 

Portions  of  the  banks  of  the  stream  in  the  town  of  Hyde  Park  are 
at  present  in  an  unsanitary  condition  ;  but  legislation  subsequent  to 
that  authorizing  this  inquiry  by  the  Board  has  provided  a  sufficient 
means  for  the  relief  of  this  state  of  things,  through  the  construction 
of  a  sewer  system  having  an  outlet  into  the  metropolitan  system  of 
sewerage. 

*  This  may  be  found  in  the  special  report  of  the  Board  upon  the  Neponset  meadows,  pre- 
sented to  the  Legislatore^of  1897. 
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The  measures  which  we  recommend  for  the  remedy  of  the  con- 
ditions injurious  to  health  now  existing  in  the  Neponset  valley  are 
these :  — 

First.  —  Such  additional  legislation  as  will  prevent  the  entrance 
into  this  stream  of  sewage  and  manufacturing  wastes  which  have  not 
been  satisfactorily  purified. 

Second.  —  The  permanent  removal  of  the  flashboards  of  the  dam 
of  the  Mattapan  Mills,  the  enlargement  of  the  cross-section  of  the 
river,  together  with  a  deepening  and  reconstruction  of  the  channel 
at  such  places  as  may  be  found  necessary  for  making  a  channel  of 
such  width  and  grade  as  will  prevent  the  flooding  of  the  meadows 
during  the  times  of  high  flows  in  late  spring  and  summer. 

A  conservative  estimate  of  the  cost  of  making  this  improvement, 
irrespective  of  land  and  water  damages,  is,  in  round  numbers, 
$125,000.  The  engineer  also  presents  some  figures* to  show  the 
increase  in  the  value  of  meadow  lands  reclaimed,  and  to  this  sum 
should  also  be  added  the  enhanced  value  of  the  now  neglected 
building  sites  immediately  adjoining  the  meadows.  It  can  thus  be 
demonstrated,  we  think,  that  the  work  of  improvement  would  be 
justifiable,  from  a  money  stand-point  alone.  We  have  not  consid- 
ered it  within  our  province  to  present  the  agricultural  advantages 
of  a  drainage  of  this  expanse  of  meadows.  Land  so  well  adapted, 
as  this  would  be  when  drained,  to  the  purposes  of  market  gardening 
must  always  have  a  value  near  a  great  market  far  in  advance  of  any 
price  now  paid  for  land  in  this  district. 

When  we  limit  ourselves,  however,  to  considerations  of  health,  it 
scarcely  seems  necessary,  now  that  a  considerable  portion  of  the 
State  has  acquired  a  knowledge  of  the  depressing  and  disabling 
effects  of  malarial  diseases,  to  insist  upon  the  economical  value  of  a 
freedom  from  the  conditions  that  favor  their  prevalence.  We  do  not 
hesitate,  therefore,  to  recommend  the  improvement  of  this  district, 
the  healthfulness  of  which  is  vital  to  the  immediate  residents  therein, 
as  well  as  to  the  occupants,  present  and  future,  of  the  lands  lying 
about  it. 

It  will  be  remembered  that,  in  accordance  with  the  recommenda- 
tions of  the  Massachusetts  Drainage  Commission,  legislation  was  had 
now  embodied  in  chapter  375  of  the  Acts  of  1888.  Under  the  pro- 
visions of  this  act  the  State  Board  of  Health  has  the  general  over- 
sight and  care  of  all  inland  waters.     The  commission  which  suggested 

•  To  be  46oQd  in  the  report  of  the  engineer,  which  accompanies  the  special  document  on 
the  Neponset  meadows,  presented  to  the  Legislature  of  1897. 
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• 

and  an  experimental  filter  has  accordingly  been  established  by  the 
Board  at  Provincetown.  This  filter,  having  a  superficial  area  of 
one  three-hundredth  of  an  acre,  was  completed  and  first  operated 
near  the  end  of  December,  1896,  so  that  no  extended  series  of  an- 
alyses showing  the  results  of  its  operation  are  as  yet  available  ;  but 
the  experiments  thus  far  made  with  this  form  of  filter  indicate  that 
a  very  satisfactory  purification  of  the  water  will  be  eflfected  at  a 
moderate  cost. 

During  the  summer  the  attention  of  the  Board  was  called  to  the 
existence  of  several  cases  of  typhoid  fever  among  the  inhabitants  of 
a  portion  of  one  of  the  cities  in  the  State  supplied  with  water  from 
a  pond.  Upon  examination,  it  appeared  that  the  pond  was  exposed 
to  pollution  from  a  picnic  grove  in  the  vicinity  of  the  water  works 
intake.  At  about  the  same  time  several  cases  of  typhoid  fever  in 
another  city  were  traced  to  a  similar  resort  upon  a  large  pond, 
which,  in  this  case,  was  not  used  as  a  source  of  public  water  supply- 
by  a  city  or  town,  but  visitors  were  supplied  with  water  for  drink- 
ing, which  was  drawn  from  the  pond  in  the  vicinity  of  the  place 
where  sewage  entered  it  from  the  buildings  upon  the  grounds. 

Summer  resorts  of  this  kind  have  become  quite  numerous  in  the 
State,  especially  in  recent  years,  with  the  extension  of  electric  rail- 
roads ;  and,  in  view  of  the  bad  sanitary  conditions  found  in  the  two 
places  referred  to,  the  Board  has  caused  an  investigation  to  be  made 
of  a  large  number  of  such  resorts  throughout  the  State.  It  is  pro- 
posed to  continue  this  investigation,  and,  in  cases  where  the  source 
of  water  supply  and  the  sanitary  conditions  are  unsatisfactory,  to 
secure  their  improvement,  so  far  as  possible,  through  owners  and 
the  local  authorities. 

The  problem  of  purification  of  manufacturing  refuse  has  received 
special  attention,  and  much  valuable  information  has  been  obtained 
from  experiments  with  reference  to  the  purification  of  sewage  of 
this  character,  the  results  of  which  are  given  in  detail  in  subsequent 
pages  of  this  report.  Tanneries,  paper  mills  and  wool-scouring 
mills  are  prominent  among  the  manufacturing  establishments  which 
produce  large  quantities  of  manufacturing  sewage,  and  a  large  es- 
tablishment of  either  of  these  kinds  may  produce  as  much  sewage 
as  a  large  town,  and  the  organic  matter  in  the  sewage  of  some  of 
these  establishments  may  be  several  times  as  great  as  in  an  equal 
volume  of  domestic  sewage.     The  chemical  analyses  of  manufsu^tur- 
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ing  sewage  have  shown  that  in  some  cases  the  chemicals  used  in 
manufacturing  processes  are  of  such  a  kind  as  would  destroy  nitri- 
fication if  the  sewage  should  be  applied  to  an  ordinary  sewage  filter 
directly  as  it  comes  from  the  factory.     Ordinary  methods  of  chem- 
ical precipitation  also  have  little  effect  upon  some  kinds  of  manu- 
fiwjturing  sewage.     A  summary  of  the  results  of  the  investigations 
made  during  the  year  is  presented  in  subsequent  pages  of  this  report. 
Investigations   as   to   the   purification  of  sewage  and  water  at 
the  Lawrence  Experiment  Station  have  been  continued  as  in  previ- 
ous years,  and  in  connection  with  these  investigations  a  large  num- 
ber of  samples  of  sewage  and  effluent  from  existing  sewage  disposal 
works  has  been  examined.     The  results  obtained  from  the  experi- 
ments with  filters  which  have  now  been  in  use  for  several  years  are 
of  much  value  in  furnishing  information  as  to  the  permanency  of 
sewage  filters  of  various  materials  and  the  best  means  of  main- 
taining  their   permanency,   especially   in  view  of  the   increasing 
number  of  sewage-disposal  plants  in  the  State  and  the  increasing 
demand  for  sewerage  facilities. 

The  Lawrence  city  filter,  established  in  1893,  continues  to 
operate  satisfiwjtorily,  and  the  mortality  from  typhoid  fever  in  the 
city  of  Lawrence  is  the  lowest  that  has  occurred  for  many  years, 
as  indicated  by  the  table  on  a  subsequent  page. 


ADVICE  TO  CITIES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  en- 
titled *<  An  Act  to  protect  the  purity  of  inland  waters,  and  to  re- 
quire consultation  with  the  State  Board  of  Health  regarding  the 
establishment  of  systems  of  water  supply,  drainage  and  sewerage," 
the  Board  is  required 

''  from  time  to  time  to  consult  with  and  advise  the  authorities  of  cities  and 
^wns,  or  with  corporations,  firms  or  individuals  either  already  having  or 
intending  to  introduce  systems  of  water  supply,  drainage  or  sewerage,  as 
W  tbe  most  appropriate  source  of  supply,  the  best  practicable  method  of 
assuring  the  purity  thereof  or  of  disposing  of  their  drainage  or  sewage, 
^ving  regard  to  the  present  and  prospective  needs  and  interests  of  other 
cities,  towns,  corporations,  firms  or  individuals  which  may  be  affected 
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wholly  absent,  and  because  ledge  is  found  in  some  places  at  a  depth  of 
only  17  or  18  feet  beneath  the  surface. 

Under  the  circumstances,  the  Board  does  not  advise  the  construction  of 
works  for  taking  a  supply  from  this  locality,  unless  more  extended  investi- 
gations and  a  suitable  pumping  test  should  indicate  beyond  reasonable 
doubt  that  a  sufficient  supply  of  water  of  satisfactory  quality  can  be  ob- 
tained from  the  ground  in  the  locality  proposed. 

East  Acton.  An  application  was  received  Feb.  18,  1896,  from 
citizens  of  East  Acton,  for  the  advice  of  the  Board  relative  to  the 
propriety  of  taking  a  supply  of  water  from  the  water  works  of 
the  town  of  Concord.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  March  6,  1896. 
The  town  of  Concord  is  supplied  from  Sandy  Pond,  in  Lincoln,  which 
is  also  the  supply  of  the  town  of  Lincoln.     The  act  of  the  Legislature  giv- 
ing these  towns  the  right  to  supply  themselves  with  water  (chapter  188, 
Acts  of  1872)  contains  the  following  provision :  — 

Sect.  11.  All  the  provisions  of  this  act  concerning  the  town  of  Concord  shall 
apply  to  the  town  of  Lincoln ;  and  if,  in  the  future,  the  water  of  said  pond  shall 
prove  insufficient  for  both,  the  town  of  Lincoln  shall  be  first  supplied. 

The  capacity  of  Sandy  Pond  to  supply  the  towns  of  Concord  and  Lin- 
coln is  limited,  and,  while  no  record  of  the  amount  of  water  consumed  in 
these  towns  is  available,  calculations  based  upon  the  probable  yield  of 
Sandy  Pond  indicate  that  the  consumption  has  probably  already  nearly 
reached  its  safe  capacity. 

The  Board  is,  therefore,  of  the  opinion  that  the  capacity  of  the  Concord 
water  works  is  likely  to  prove  insufficient  for  the  supply  of  both  Concord 
and  East  Acton  in  the  near  future,  and,  under  existing  circumstances,  does 
not  advise  East  Acton  to  obtain  a  supply  from  the  Concord  works,  as  pro- 
posed. 

Ashland.  The  committee  on  water  supply  of  Ashland  applied 
to  the  Board,  July  15,  1896,  for  advice  relative  to  a  proposed 
source  of  water  supply  for  Ashland.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Sept.  3, 1886. 
The  State  Board  of  Health  received  from  you,  on  July  15,  1896,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
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for  Ashland.  Subsequently,  test  wells  were  driven  by  you  in  the  vicinity 
of  the  Sudbury  River  above  the  town,  and  in  the  valley  of  Cold  Spring 
Brook,  and  the  Board  was  informed  that  it  was  proposed  to  take  the 
supply  from  a  large  well,  to  be  located  on  the  southerly  side  of  the  Sud- 
bury River,  between  it  and  the  Boston  &  Albany  Railroad,  about  1,000 
feet  west  of  the  point  where  the  railroad  is  crossed  by  Pleasant  Street. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  supply 
to  be  made  by  one  of  its  engineers,  and  a  sample  of  water  from  a  test  well, 
located  at  the  point  at  which  it  is  proposed  to  locate  the  well  for  the  supply 
of  the  town,  to  be  analyzed.  The  analysis  shows  that  the  water  coming 
from  the  well  at  this  time  was  of  excellent  quality  for  the  purposes  of  a 
public  water  supply.  It  appears  that  only  a  small  amount  of  water  had 
been  drawn  from  the  well  at  the  time  this  sample  was  collected,  and  it  is 
impossible  to  predict  from  this  analysis  what  the  character  of  the  water 
would  be  if  a  quantity  sufficient  for  the  supply  of  Ashland  should  be 
pumped  continuously  from  the  ground  here  for  a  long  time. 

With  regard  to  the  quantity  of  water  obtainable  from  a  well  in  this  loca- 
tion, the  information  obtained  by  the  test  thus  far  made  is  insufficient  to 
furnish  a  basis  for  a  satisfactory  estimate.  The  indications  furnished  by 
the  test  wells  driven  within  200  feet  of  the  location  of  the  proposed  well 
are  very  unfavorable  to  obtaining  any  large  quantity  of  water  from  the 
ground  in  this  vicinity,  both  on  account  of  the  character  of  the  soil,  which 
was  extremely  fine,  and  on  account  of  the  nearness  of  ledge  to  the  surface 
of  the  ground.  Moreover,  such  indications  as  are  furnished  by  the  appear- 
ance of  the  ground  about  the  well  are  not  favorable  to  the  existence  of  a 
deep  layer  of  porous  gravel  of  any  considerable  extent  in  this  vicinity. 

Under  the  circumstances,  the  Board  does  not  advise  the  construction  of 
works  for  taking  a  supply  from  this  vicinity,  unless  more  extended  inves- 
tigations by  means  of  test  wells  and  a  suitable  pumping  test  shall  show 
that  water  of  satisfactory  quality  is  likely  to  be  obtained  from  the  ground 
in  this  vicinity  in  sufficient  quantity  for  the  supply  of  the  town. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to  a 
water  supply  when  you  have  additional  information  to  present. 

Braintree.  The  water  commissioners  of  Braintree  applied  to 
the  Board,  July  20,  1896,  for  its  advice  relative  to  increasing  their 
water  supply  by  taking  water  from  driven  w^ells  in  the  neighborhood 
of  Little  Pond.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Aug.  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  additional  water  supply  for  Braintree,  to  be  taken  from 
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the  ground  north  of  the  present  filter  gallery  near  the  shore  of  Little 
Pond,  and  has  caused  an  examination  of  the  proposed  source  to  be  made 
and  a  sample  of  the  water  from  a  test  well  in  this  locality  to  be  analyzed. 

The  results  of  the  analysis  show  that  the  water  is  of  the  same  general 
character  as  that  of  the  filter  gallery.  An  examination  of  the  conditions 
about  your  present  filter  gallery,  taken  in  connection  with  the  temperature 
of  the  water  and  the  character  of  the  analyses  shows  clearly  that  the 
greater  portion  of  the  water  entering  your  filter  gallery  comes  by  filtration 
from  the  pond. 

From  the  information  obtainable  as  to  the  area  of  the  pond  and  its 
watershed,  and  with  certain  assumptions  as  to  its  storage  capacity,  it  is 
found  that  the  draft  from  your  present  filter  gallery  in  the  past  two  years 
approached  quite  closely  the  probable  capacity  of  the  pond  in  a  very  dry 
year.  The  quantity  of  water  that  can  be  obtained  from  the  ground  within 
the  watershed  of  the  pond  is  no  greater  than  could  be  drawn  from  the 
pond  direct,  unless,  by  lowering  the  ground  water  near  the  border  of 
the  watershed,  water  may  be  induced  to  flow  through  the  ground  toward 
the  filter  gallery  from  beyond  the  limit  of  the  superficial  watershed  of  the 
pond.  There  is  no  evidence  that  any  large  amount  of  water  will  flow 
toward  the  proposed  works  from  points  outside  the  watershed,  and  conse- 
quently an  extension  of  the  collecting  system,  as  proposed,  cannot  be 
expected  to  increase  very  materially  the  quantity  of  ground  water  obtain- 
able in  the  vicinity  of  Little  Pond.  The  construction  of  additional  works 
along  the  shore  of  the  pond  would  make  it  possible,  by  lowering  the  level 
of  the  ground  water,  to  draw  a  somewhat  greater  quantity  of  the  water 
stored  in  the  ground  over  a  larger  area  than  at  present,  and  probably  to 
cause  a  somewhat  greater  amount  of  filtration  from  the  pond  into  the 
ground. 

The  watershed  of  Little  Pond  contains  a  population  of  about  620,  or 
about  1,100  persons  per  square  mile,  and,  as  there  are  no  sewers  in  this 
territory,  the  water  is  exposed  to  danger  of  pollution  from  this  population, 
so  that  this  pond  cannot  be  regarded  as  a  proper  source  of  water  supply  if 
the  water  is  taken  directly. 

An  examination  of  the  results  of  analyses  of  samples  of  water  collected 
from  your  present  filter  gallery  from  time  to  time  shows  that  there  has  been 
a  deterioration  in  the  quality  of  the  water,  and  in  the  latter  part  of  1895 
the  presence  of  an  excessive  amount  of  iron  gave  evidence  that  the  water 
of  the  pond  is  only  partially  purified  in  its  passage  through  the  ground. 
The  character  of  the  water  varies  with  the  season,  the  water  being  better 
in  wet  than  in  dry  seasons ;  but  it  is  probable  that,  with  a  continued  draft 
upon  the  filter  gallery,  the  water  will  grow  worse  rather  than_  better  in  the 
future. 
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The  conditions  are  such  that  the  purity  of  the  water  of  the  filter  gallery 
is  dependent  upon  the  purity  of  the  water  of  Little  Pond,  and,  considering 
the  exposure  of  the  latter  to  pollution  from  the  population  upon  its  water- 
shed, the  source  cannot  be  considered  a  safe  one  for  drinking  purposes. 
Moreover,  there  is  a  dense  population  upon  the  territory  east  of  the  pond, 
eloping  toward  the  filter  gallery,  from  which  a  portion  of  the  water  of  the 
filter  gallery  is  doubtless  derived,  and  the  presence  of  this  population  in  its 
vicinity  is  also  a  menace  to  the  purity  of  the  water. 

In  view  of  all  the  circumstances,  the  Board  does  not  advise  a  further 
extension  of  the  works  for  collecting  ground  water  in  the  vicinity  of  Little 
Pond,  since  neither  the  quantity  obtainable  nor  the  quality  is  likely  to  be 
satisfactory,  but  advises  that  you  take  the  whole  subject  of  your  future 
water  supply  into  consideration,  with  a  view  to  securing  a  source  from 
which  an  adequate  supply  of  good  water  can  be  obtained  to  meet  the 
reasonable  needs  of  the  town  for  a  considerable  time  in  the  future. 

It  is  understood  that  the  town  has  the  right  to  take  water  from  Great 
Pond  in  Randolph  and  Braintree ;  but,  since  a  good  ground  water  would 
doubtless  be  more  satisfactory,  before  deciding  as  to  a  source  of  supply  it 
is  very  desirable  to  determine  first  whether  it  is  not  possible  to  obtain  an 
Adequate  supply  of  ground  water  from  some  suitable  source. 

Braintree.  The  water  comnaissioners  of  Braintree  again  ap- 
plied to  the  Board,  Aug.  21,  1896,  for  its  advice  relative  to  a 
** temporary  arrangement"  for  an  increase  of  its  water  supply. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Sept.  3,  1896. 
The  State  Board  of  Health  received  from  you,  August  25,  an  applica- 
tion for  advice  with  reference  to  obtaining  an  additional  supply  of  water 
for  the  town  by  putting  in  tubular  wells  on  the  shore  of  Little  Pond,  near 
your  present  pumping  station,  in  which  you  state  that,  pending  action  by 
the  town  with  reference  to  the  recommendations  contained  in  the  reply  of 
the  Board  to  a  previous  application,  there  is  an  urgent  necessity  for  tem- 
porarily supplying  more  water  to  the  town  than  can  be  obtained  from  the 
present  filter  gallery.  Accompanying  the  application  was  a  plan  showing 
the  proposed  location  of  test  wells  along  the  shore  of  Little  Pond,  just 
north  of  the  present  pumping  station,  the  nearest  well  being  distant  about 
75  feet  and  the  farthest  225  feet  from  the  pumping  station.  As  indicated 
upon  the  plan,  the  wells  will  be  17  feet  from  high- water  mark  in  Little 

Pond. 
The  Board  has  carefully  considered  this  scheme,  and  concludes  that  it  is 
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the  ground  north  of  the  present  filter  gallery  near  the  shore  of  Little 
Pond,  and  has  caused  an  examination  of  the  proposed  source  to  be  made 
and  a  sample  of  the  water  from  a  test  well  in  this  locality  to  be  analyzed. 

The  results  of  the  analysis  show  that  the  water  is  of  the  same  general 
character  as  that  of  the  filter  gallery.  An  examination  of  the  conditions 
about  your  present  filter  gallery,  taken  in  connection  with  the  temperature 
of  the  water  and  the  character  of  the  analyses  shows  clearly  that  the 
greater  portion  of  the  water  entering  your  filter  gallery  comes  by  filtration 
from  the  pond. 

From  the  information  obtainable  as  to  the  area  of  the  pond  and  its 
watershed,  and  with  certain  assumptions  as  to  its  storage  capacity,  it  is 
found  that  the  draft  from  your  present  filter  gallery  in  the  past  two  years 
approached  quite  closely  the  probable  capacity  of  the  pond  in  a  very  dry 
year.  The  quantity  of  water  that  can  be  obtained  from  the  ground  within 
the  watershed  of  the  pond  is  no  greater  than  could  be  drawn  from  the 
pond  direct,  unless,  by  lowering  the  ground  water  near  the  border  of 
the  watershed,  water  may  be  induced  to  flow  through  the  ground  toward 
the  filter  gallery  from  beyond  the  limit  of  the  superficial  watershed  of  the 
pond.  There  is  no  evidence  that  any  large  amount  of  water  will  flow 
toward  the  proposed  works  from  points  outside  the  watershed,  and  conse- 
quently an  extension  of  the  collecting  system,  as  proposed,  cannot  be 
expected  to  increase  very  materially  the  quantity  of  ground  water  obtain- 
able in  the  vicinity  of  Little  Pond.  The  construction  of  additional  works 
along  the  shore  of  the  pond  would  make  it  possible,  by  lowering  the  level 
of  the  ground  water,  to  draw  a  somewhat  greater  quantity  of  the  water 
stored  in  the  ground  over  a  larger  area  than  at  present,  and  probably  to 
cause  a  somewhat  greater  amount  of  filtration  from  the  pond  into  the 
ground. 

The  watershed  of  Little  Pond  contains  a  population  of  about  620,  or 
about  1,100  persons  per  square  mile,  and,  as  there  are  no  sewers  in  this 
territory,  the  water  is  exposed  to  danger  of  pollution  from  this  population, 
so  that  this  pond  cannot  be  regarded  as  a  proper  source  of  water  supply  if 
the  water  is  taken  directly. 

An  examination  of  the  results  of  analyses  of  samples  of  water  collected 
from  your  present  filter  gallery  from  time  to  time  shows  that  there  has  been 
a  deterioration  in  the  quality  of  the  water,  and  in  the  latter  part  of  1895 
the  presence  of  an  excessive  amount  of  iron  gave  evidence  that  the  water 
of  the  pond  is  only  partially  purified  in  its  passage  through  the  ground. 
The  character  of  the  water  varies  with  the  season,  the  water  being  better 
in  wet  than  in  dry  seasons ;  but  it  is  probable  that,  with  a  continued  draft 
upon  the  filter  gallery,  the  water  will  grow  worse  rather  than  better  in  the 
future. 
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The  coDditioDs  are  such  that  the  purity  of  the  water  of  the  filter  gallery 
is  depeudeut  upon  the  purity  of  the  water  of  Little  Pond,  and,  considering 
the  exposure  of  the  latter  to  pollution  from  the  population  upon  its  water- 
shed, the  source  cannot  be  considered  a  safe  one  for  drinking  purposes. 
Moreover,  there  is  a  dense  population  upon  the  territory  east  of  the  pond, 
sloping  toward  the  filter  gallery,  from  which  a  portion  of  the  water  of  the 
filter  gallery  is  doubtless  derived,  and  the  presence  of  this  population  in  its 
vicinity  is  also  a  menace  to  the  purity  of  the  water. 

In  view  of  all  the  circumstances,  the  Board  does  not  advise  a  further 
extension  of  the  works  for  collecting  ground  water  in  the  vicinity  of  Little 
Pond,  since  neither  the  quantity  obtainable  nor  the  quality  is  likely  to  be 
satisfactory,  but  advises  that  you  take  the  whole  subject  of  your  future 
water  supply  into  consideration,  with  a  view  to  securing  a  source  from 
which  an  adequate  supply  of  good  water  can  be  obtained  to  meet  the 
reasonable  needs  of  the  town  for  a  considerable  time  in  the  future. 

It  is  understood  that  the  town  has  the  right  to  take  water  from  Great 
Pond  in  Randolph  and  Braintree ;  but,  since  a  good  ground  water  would 
doubtless  be  more  satisfactory,  before  deciding  as  to  a  source  of  supply  it 
is  very  desirable  to  determine  first  whether  it  is  not  possible  to  obtain  an 
adequate  supply  of  ground  water  from  some  suitable  source. 


Braintree.  The  water  commissioners  of  Braintree  again  ap- 
plied to  the  Board,  Aug.  21,  1896,  for  its  advice  relative  to  a 
"temporary  arrangement"  for  an  increase  of  its  water  supply. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Sept.  3,  1896. 
The  State  Board  of  Health  received  from  you,  August  25,  an  applica- 
tion for  advice  with  reference  to  obtaining  an  additional  supply  of  water 
for  the  town  by  putting  in  tubular  wells  on  the  shore  of  Little  Pond,  near 
your  present  pumping  station,  in  which  you  state  that,  pending  action  by 
the  town  with  reference  to  the  recommendations  contained  in  the  reply  of 
the  Board  to  a  previous  application,  there  is  an  urgent  necessity  for  tem- 
porarily supplying  more  water  to  the  town  than  can  be  obtained  from  the 
present  filter  gallery.  Accompanying  the  application  was  a  plan  showing 
the  proposed  location  of  test  wells  along  the  shore  of  Little  Pond,  just 
north  of  the  present  pumping  station,  the  nearest  well  being  distant  about 
75  feet  and  the  farthest  225  feet  from  the  pumping  station.  As  indicated 
upon  the  plan,  the  wells  will  be  17  feet  from  high-water  mark  in  Little 

Pond. 
The  Board  has  carefully  considered  this  scheme,  and  concludes  that  it  is 
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probable  that  a  larger  supply  could  be  obtained  temporarily  from  the  wells 
and  filter  gallery  together  than  from  the  filter  gallery  alone ;  but,  as  it  ap- 
pears that  the  capacity  of  this  pond  and  its  watershed  for  supplying  water 
to  the  town  of  Braintree  in  a  dry  year  has  ah'eady  practically  been  reached, 
the  increase  of  supply  obtained  by  drawing  from  the  wells  would  be  only 
temporary,  and  should  a  dry  year  occur,  the  supply  would  become  ex- 
hausted. 

With  regard  to  the  quality  of  the  water  to  be  obtained  from  the  pro- 
posed wells,  it  may  be  said  that,  so  far  as  can  be  judged  from  a  single 
analysis,  the  indications  are  that  it  will  not  differ  materially  from  that  of 
the  present  filter  gallery ;  and,  if  the  water  entering  the  wells  by  filtration 
from  the  pond  should  be  imperfectly  filtered,  as  there  is  reason  to  expect 
that  it  may  be,  the  water  of  the  wells  will  be  exposed  to  danger  of  pollu- 
tion from  the  population  upon  the  watershed  of  the  pond.  The  sanitary 
conditions  at  present  existing  in  the  region  in  which  it  is  proposed  to 
locate  the  wells  are  bad,  but  the  conditions  could  be  considerably  im- 
proved by  careful  sanitary  care  of  the  watershed.  Considering  the  ui^ent 
need  for  an  additional  supply  of  water  while  you  are  seeking  a  better 
source  of  supply,  the  Board  considers  that  it  is  permissible  to  obtain  it  in 
the  manner  proposed,  if  the  precautions  suggested  are  carefully  observed. 

CoHASSET.  The  Cohasset  Water  Company  applied  to  the  Board 
Nov.  14,  1896,  for  its  advice  relative  to  an  additional  water  supply, 
to  be  taken  from  the  ground  in  the  neighborhood  of  a  small  brook 
in  that  town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Dec.  5, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  obtaining  an  additional  supply  of  water  for  Cohasset 
from  the  ground  in  the  vicinity  of  a  small  brook  west  of  Sohier  Street,  and 
has  caused  an  examination  of  the  locality  to  be  made  by  its  engineer,  and 
samples  of  water  collected  by  you  from  two  of  the  test  wells  in  this  local- 
ity to  be  analyzed. 

The  water  of  both  samples  was  found  to  be  softer  than  that  furnished 
by  your  present  wells,  but  the  water  from  one  of  the  wells  (No.  10), 
which  is  located  a  considerable  distance  south  of  the  railroad  and  east  of 
the  brook,  has  at  some  time  been  polluted  and  subsequently  purified  by  its 
passage  through  the  ground.  The  sample  from  the  other  well  (No.  7), 
which  probably  represents  more  nearly  the  average  quality  of  the  water 
of  this  region,  was  much  softer  and  of  better  quality,  and  in  its  present 
state  would  be  a  more  satisfactory  water  for  domestic  purposes  than  that 
furnished  from  your  present  works. 
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The  information  obtained  from  the  tests  thus  far  made  is  not  sufficient 
to  make  it  possible  to  predict  with  accuracy  the  probable  amount  of  in- 
crease in  your  supply  that  would  be  obtained  by  the  use  of  wells  in  the 
localities  proposed.  From  information  furnished  as  to  the  height  of  water 
in  the  test  wells,  it  appears  that  the  ground  water  in  this  vicinity  is  prob- 
ably already  influenced  by  the  pumping  from  your  present  wells.  By 
lowering  the  ground  water  here  by  means  of  additional  wells,  it  would  be 
possible  to  draw  a  somewhat  greater  quantity  of  the  water  stored  in  the 
ground,  and  to  cause  the  water  to  percolate  toward  the  wells  from  a  larger 
area  than  at  present.  It  is  possible,  also,  that  water  from  the  brook  filters 
into  the  ground  to  some  extent  under  present  conditions,  and  filtration 
from  this  source  might  be  increased  somewhat  by  lowering  the  level  of  the 
ground  water  in  the  vicinity  of  the  brook ;  but  it  does  not  seem  likely  that 
there  will  be  any  considerable  increase  in  the  quantity  of  water  that  will  be 
obtained  from  this  source.  It  appears,  from  the  results  obtained  from  the 
test  wells,  that  ledge  is  found  nearer  the  surface  at  this  place  than  in  your 
present  wells,  and  that  the  gravel  stratum  in  most  of  the  wells  is  quite 
thin.  These  indications  are  not  favorable  to  a  large  yield  from  the  pro- 
posed source,  and  are  not  conclusive  as  to  whether  the  additional  supply 
obtainable  in  this  place  will  be  sufficient  to  warrant  the  expense  of  connect- 
ing it  with  your  present  works,  even  though  the  cost  would  be  small. 

It  is  desirable,  therefore,  before  incurring  the  expense  of  constructing 
permanent  works  in  this  locality,  that  you  cause  a  pumping  test  to  be  made 
by  pumping  continuously  from  a  number  of  wells  with  a  steam  pump  for  a 
period  of  at  least  two  weeks,  with  a  view  to  obtaining  some  more  definite 
evidence  as  to  the  probable  yield  from  this  source.  The  capacity  of  your 
present  works  is  insufficient  for  the  present  needs  of  the  town  in  the  sum- 
mer season,  and  it  is  very  desirable  that  in  constructing  additional  works 
you  secure  a  supply  that  will  be  adequate  for  present  needs  in  a  dry  sea- 
son and  sufficient  to  meet  the  reasonable  needs  of  the  town  for  a  consid- 
erable time  in  the  future.  Unless,  therefore,  you  find  upon  further 
investigation  that  the  quantity  of  water  which  these  wells  will  furnish  will 
be  a  material  addition  to  your  present  supply  and  furnish  a  sufficient  quan- 
tity of  water  to  meet  the  needs  of  the  town  in  connection  with  your  present 
works  for  several  years,  it  will  probably  be  more  economical  to  secure  in 
the  beginning  a  supply  from  some  adequate  source. 

Franklin.  The  selectmen  of  Franklin  applied  to  the  Board, 
Aug.  1,  1896,  requesting  the  Board  "to  investigate  the  sources  of 
the  public  water  supply  of  Franklin,  and  report  their  finding." 
The  request  was  made  on  account  of  a  communication  from  one  of 
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the  citizens  of  Franklin,  asking  for  an  investigation  as  to  the 
quality  of  the  public  water  supply.  The  Board  replied  to  this  ap- 
plication as  follows :  — 

B08TOK,  Oct  1, 1896. 

The  Board  has  caused  an  examination  of  the  sources  of  supply  to  be 
made  and  samples  of  the  water  to  be  analyzed.  The  sources  in  use  at  the 
time  of  examination  were  two  wells,  located  on  the  easterly  side  of  Mine 
Brook,  distant  about  50  feet  from  high-water  mark  in  the  brook,  and  a 
pond,  known  as  Beaver  Pond,  on  the  westerly  side  of  Mine  Brook. 

There  is  a  large  population  in  the  village  of  Franklin  upon  the  territory 
from  which  a  portion  of  the  water  which  enters  the  wells  is  evidently 
derived,  but  no  buildings  are  found  within  700  feet  of  the  wells  at  the 
present  time.  Analyses  of  the  water  show  the  presence  of  some  of  the 
mineral  matters  due  to  the  sewage  entering  the  ground  in  the  populated 
portion  of  the  territory  draining  toward  the  wells.  It  is  probable,  also, 
that  a  portion  of  the  water  is  derived  by  filtration  from  Mine  Brook,  a 
highly  polluted  stream ;  but  the  analyses  show  that  such  polluted  waters 
as  may  have  mingled  with  the  ground  water  entering  the  wells  have  been 
thoroughly  purified  in  their  passage  through  the  ground,  and  at  the  present 
time  the  water  is  safe  for  drinking.  The  indications  are  that  the  popula- 
tion will  increase  upon  the  territory  sloping  toward  the  wells,  and  in  that 
case  the  quality  of  the  water  will  tend  to  deteriorate ;  but  if  no  houses  are 
constructed  nearer  the  wells  than  at  present,  and  if  the  sewage  is  removed 
from  the  district,  further  deterioration  can  probably  be  arrested. 

As  already  stated,  it  is  probable  that  a  portion  of  the  water  entering  the 
wells  is  derived  from  Mine  Brook  by  filtration  through  the  ground.  The 
experience  with  wells  in  similar  situations  has  sometimes  been  that  after  a 
longer  or  shorter  period  of  use  the  quality  of  the  water  deteriorates,  owing 
to  imperfect  filtration  of  the  water  passing  through  the  ground  from  the 
neighboring  pond  or  stream  to  the  well ;  and,  while  there  is  no  evidence 
that  any  of  the  water  entering  the  wells  of  the  Franklin  Water  Company 
up  to  the  present  time  has  been  imperfectly  filtered,  it  is  very  desirable 
that  the  discharge  of  domestic  or  manufacturing  sewage  into  Mine  Bix>ok 
or  its  tributaries  above  the  wells  be  prevented. 

The  analyses  of  the  water  of  Beaver  Brook  show  that  it  is  highly  col- 
ored, and  contains  at  times  a  large  amount  of  organic  matter  in  the  form 
of  microscopical  organisms  of  a  kind  which  have  been  known  to  produce 
disagreeable  tastes  and  odors  m  the  water  of  many  other  ponds  and  reser- 
voirs in  the  State.  These  conditions  affect  the  appearance  and  taste  of 
the  water,  but  with  our  present  knowledge  are  not  regarded  as  dangerous 
to  the  health  of  those  drinking  it.     The  watershed  of  the  pond  contains  so 
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small  a  population  that  the  danger  of  the  pollution  of  the  water  from  sewage 
discharged  upon  the  ground  within  its  watershed  is  very  slight.  From  an 
examination  of  the  pond  and  its  surroundings,  it  appears  that  between  the 
pond  and  Mine  Brook  there  is  an  area  of  low  and  swampy  land  which  is 
apparently  flooded  at  times  of  high  water  in  the  brook,  and  the  outlet  from 
the  pond  to  the  brook  passes  through  this  low  land.  It  is  not  feasible  to 
determine,  from  the  limited  examination  which  the  Board  is  able  to  make, 
whether  it  is  possible  for  the  water  from  the  brook  under  certain  conditions 
to  enter  the  pond.  If  brook  water  should  enter  the  pond,  it  would  enter 
on  the  side  where  the  intake  is  located,  and  there  would  be  great  danger 
tliat  this  polluted  brook  water  might  be  drawn  for  the  supply  of  the  town. 
Id  order  to  determine  whether  this  is  possible,  a  careful  survey  and  investi- 
gation will  be  necessary,  and  the  Board  advises  that  such  an  investigation 
be  made.  If  it  should  be  found  that  brook  water  can,  under  present  con- 
ditions, enter  the  pond,  it  may  probably  be  kept  out  by  constructing  a  dam, 
and,  if  necessary,  a  dike,  at  the  outlet  of  the  pond  and  along,  its  easterly 
shorej  but  if  these  works  should  be  found  necessary,  it  would  be  well  to 
consider  whether  it  may  not  be  possible  to  obtain  a  more  satisfactory  supply 
than  the  pond  furnishes,  by  constructing  a  well  at  some  suitable  locality  in 
the  vicinity  of  the  town  where  a  satisfactory  supply  of  ground  water  can 
be  obtained. 

It  is  possible  that  a  portion  of  the  complaint  as  to  the  quality  of  the 
water  supplied  to  the  town  may  be  due  to  the  growth  of  microscopical  or- 
ganisms in  the  open  tank.  Trouble  from  this  cause  could  be  avoided  by 
covering  the  tank,  and  it  is  advisable  that  this  be  done  if  the  use  of  ground 
water  is  to  be  continued. 

Harvard.  Messrs.  Hildreth  Bros,  of  Harvard  applied  to  the 
Board,  June  26,  1896,  for  advice  relative  to  a  proposed  water  sup- 
ply for  a  factory  and  a  few  dwelling-houses  in  that  town,  to  be 
taken  from  a  well  north  of  the  common.  The  Board  replied  to 
this  application  as  follows  :  — 

BosTOK,  Ang.  6, 1896. 

The  analyses  show  that  the  water  is  hard  and  has  at  some  time  been 
polluted,  but  subsequently  well  purified  by  its  passage  through  the  ground. 
In  its  present  condition  the  water  is  suitable  for  drinking  and  other  domes- 
tic purposes,  though  the  hardness  will  probably  make  it  somewhat  unsatis- 
factory for  washing  and  for  use  in  boilers. 

The  information  furnished  by  you  indicates  that  the  quantity  of  water 
which  the  source  of  supply  will  yield  is  limited,  but  is  probably  sufficient 
for  the  supply  of  the  factory  and  houses  mentioned  in  your  application. 
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It  is  suggested  that,  should  an  additional  supply  be  found  necessary  in 
the  future,  better  results  can  probably  be  obtained  at  less  expense  by  sink- 
ing wells  at  some  place  where  there  is  a  considerable  area  and  depth  of 
gravelly  soil,  and  avoiding  the  sinking  of  wells  in  rock,  if  a  suitable  area 
can  be  found  where  the  water  will  not  be  exposed  to  danger  of  pollution. 


Hatfield.  The  selectmen  of  Hatfield  applied  to  the  Board,  May 
7,  1896,  for  its  advice  relative  to  taking  the  water  of  Field's  Brook 
as  a  supply  for  a  portion  of  the  town  of  Hatfield.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Jane  4, 1896. 

The  analysis  shows  that  the  water  is  soft,  practically  colorless  and  of 
excellent  quality  for  the  purposes  of  a  public  water  supply.  Its  quality 
would  be  likely  to  be  more  satisfactory  to  consumers  if  the  water  is  stored 
in  a  reservoir  from  which  light  is  excluded  than  if  stored  in  an  open  reser- 
voir. 

The  information  available  as  to  the  quantity  of  water  that  the  proposed 
source  will  yield  in  the  drier  portion  of  a  diy  year  is  not  sufficient  to  en- 
able the  Board  to  advise  you  definitely  as  to  whether  the  yield  of  the  brook 
will  be  sufficient  for  the  supply  of  the  village  at  all  times ;  and,  consider- 
ing the  desirability  of  obtaining  an  ample  supply  and  one  which  can  be 
furnished  under  sufficient  pressure  for  fire  purposes,  the  Board  does  not  at 
present  ad\4se  the  construction  of  works  for  taking  water  from  this  source, 
but  advises  a  further  investigation,  to  determine  whether  a  more  ample 
supply  of  equally  good  water  may  not  be  obtained  at  a  reasonable  cost, 
and  at  such  an  elevation  above  the  village  that  the  pressure  in  the  pipes 
will  be  sufficient  for  use  in  the  extinguishment  of  fires. 

Haverhill  (the  Real  Estate  Improvement  Company).  This 
corporation  applied  to  the  Board,  July  23,  1896,  for  advice  with 
reference  to  the  use  of  water  from  a  well  situated  beneath  a  building 
in  Haverhill,  for  domestic  purposes.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Sept.  3,  1896. 
The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  use  for  domestic  purposes  of  water  drawn  from  a  well 
beneath  a  building  in  the  densely  populated  portion  of  Haverhill,  and  has 
caused  an  examination  of  the  premises  to  be  made  by  one  of  its  engineers 
and  samples  of  the  water  to  be  analyzed. 


No.  34.]        ADVICE  TO  CTTIES  AND  TOWNS.  19 

It  appears  that  the  quantity  of  water  furnished  by  the  well  is  insufficient 
for  the  supply  of  the  building,  and  to  insure  a  full  supply  at  all  times  there 
is  an  automatic  connection  with  the  city  water  works  by  means  of  which 
the  building  is  partially  supplied  with  city  water.  For  this  reason  it  is 
difficult  to  obtain  representative  samples  of  the  well  water.  The  analyses 
show,  however,  that  the  quality  of  the  water  is  objectionable  on  account 
of  its  extreme  hardness,  the  hardness  being  about  ten  times  as  great  as 
that  of  the  chief  sources  of  the  city's  water  supply ;  and  it  is  evident  from 
the  analyses  that  the  water  entering  the  well  has  been  previously  polluted 
by  sewage  and  subsequently  largely  purified  by  its  passage  through  the 
ground,  but  the  indications  are  that  the  purification  is  not  perfect  at  all 
times. 

Considering  the  location  of  the  well  and  the  character  of  the  analyses, 
the  Board  does  not  consider  this  well  a  safe  source  of  water  supply  for 
domestic  purposes,  and  advises  that  its  use  be  discontinued. 


Huntington.  The  Board  received  an  application  from  citizens 
of  Huntington,  Dec.  23,  1895,  for  the  advice  of  the  Board  relative 
to  a  proposed  increase  of  their  water  supply  by  taking  the  water 
of  certain  springs  west  of  the  village.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  March  6, 1896. 

The  State  Board  of  Health  received  from  you  Dec.  23,  1895,  an  appli- 
cation with  reference  to  a  proposed  additional  water  supply  for  the  village 
of  Huntington,  in  which  you  state  that  you  have  at  present  a  source  of 
supply  sufficient  for  about  forty  families,  but  that,  having  in  view  the  ex- 
tension of  the  works,  for  which  your  present  source  will  not  furnish  a 
snflacient  quantity  of  water,  you  wish  to  increase  your  supply  by  obtaining 
water  from  a  group  of  springs  west  of  the  village.  In  a  communication 
accompanying  the  application  it  is  stated  that  an  application  may  be  made 
to  the  Legislature  for  a  charter. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  supply 
to  be  made  and  a  sample  of  the  water  to  be  analyzed.  The  analysis  indi- 
cates that  the  water  is  excellent  for  the  purposes  of  a  domestic  water 
supply. 

The  quantity  of  water  which  the  proposed  source  would  furnish  cannot 
be  estimated  with  accuracy  with  present  information,  but  it  is  likely 4n  dry 
seasons  to  be  less  than  the  yield  of  your  present  source,  which  was  found 
inadequate  at  times  during  the  past  sunm^er  for  the  supply  of  forty 
families. 
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It  is  the  tendency  in  all  communities,  even  in  very  small  ones,  into  which 
a  public  water  supply  has  been  introdaced,  for  the  consumption  of  water 
to  increase  rapidly  for  several  years,  and  it  is  improbable  that  yoar  preseat 
and  proposed  works  together  would  supply  as  much  water  as  ought  to  be 
provided  for  a  village  the  size  of  Huntington. 

The  Board  would,  therefore,  advise  that  you  have  a  thorough  investiga- 
tion made,  with  a  view  to  determining  the  best  source  for  the  permanent 
supply  of  the  viUage ;  and  it  would  probably  be  a  measure  of  true  economy 
to  secure  at  once  a  source  which  will  furnish  an  adequate  supply  of  good 
water,  rather  than  to  spend  money  upon  a  source  that  is  likely  to  prove 
inadequate  in  a  very  few  years,  if  the  pipe  system  in  the  village  is  ex- 
tended to  any  considerable  extent. 

Should  you  decide  to  make  further  investigations  with  reference  to  ob- 
taining a  supply  from  a  larger  source,  the  Board  will  advise  you  concern- 
ing it  when  you  shall  have  submitted  the  results  of  your  investigations. 

Hyde  Park.  The  Hyde  Park  Water  Company  applied  to  the 
Board,  Aug.  24,  1896,  for  its  advice  relative  to  taking  an  additional 
supply  of  water  from  the  neighborhood  of  Mother  Brook,  between 
Hyde  Park  and  East  Dedham.  The  Board  replied  to  this  applica- 
tion as  follows :  — 

Boston,  Dec  3, 1896. 

The  State  Board  of  Health  received  from  you,  on  August  24,  an  ap- 
plication requesting  advice  as  to  obtaining  an  additional  water  supply 
for  Hyde  Park  from  the  region  in  the  vicinity  of  Mother  Brook  between 
Hyde  Park  and  East  Dedham,  through  which  the  metropolitan  sewer  has 
recently  been  constructed.  Subsequently  you  made  more  definite  investi- 
gations in  this  territory,  by  driving  test  wells  on  both  sides  of  the  brook, 
about  1,000  feet  below  the  lower  dam  of  the  Merchants'  Woolen  Mill  in 
Dedham,  near  the  boundary  line  between  Dedham  and  Hyde  Park,  and  a 
plan  showing  the  location  of  these  wells  has  been  submitted. 

The  Board  has  caused  an  examination  of  this  territory  to  be  made  by 
one  of  its  engineers,  and  samples  of  the  water  from  two  of  the  test  wells, 
one  located  on  the  northerly  and  the  other  on  the  southerly  side  of  the 
brook,  to  be  analyzed. 

The  sample  from  the  well  on  the  northerly  side  of  the  brook,  which  was 
collected  before  any  considerable  quantity  of  water  had  been  pumped,  was 
found  to  be  soft  and  of  good  quality,  though  there  were  indications  that 
the  water  had  previously  been  polluted  to  a  slight  degree  by  sewage  and 
subsequently  purified  by  its  passage  through  the  ground. 

From  one  of  the  wells  on  the  southerly  side  of  the  brook  two  samples 
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were  collected  for  analysis,  one  after  pumping  for  about  eight  hours  and 
the  other  after  pumping  for  about  two  days.  These  analyses  showed  in  a 
much  greater  degree  than  the  first  the  effect  of  previous  pollution  due  to 
the  presence  of  population  upon  the  territory  from  which  the  water  is  de- 
rived, but  the  analyses  also  show  that  the  water  had  been  very  thoroughly 
purified  by  its  passage  through  the  ground. 

With  regard  to  the  probable  quantity  of  water  to  be  obtained  from  this 
source,  the  information  at  present  available  is  not  suflScient  to  enable  a 
definite  prediction  to  be  made.  The  examinations  thus  far  made  indicate 
that  water  can  be  drawn  from  the  test  wells  with  much  freedom,  and  the 
character  of  the  soil  south  and  west  of  the  wells,  judging  from  surface  in- 
dications, is  favorable  to  a  large  yield  of  water  from  the  ground. 

The  situation  of  the  test  wells  is  such  that  it  seems  probable  that,  when 
a  continuous  draft  is  made  upon  the  ground,  water  will  be  drawn  from 
territory  in  Dedham  and  Hyde  Park  where  there  is  a  large  population,  and 
the  water  will  become  harder  than  it  is  at  present,  and  it  may  be  less  per- 
fectly purified. 

Another  source  of  danger  to  the  quality  of  the  water  is  that  the  water  of 
Mother  Brook,  which  receives  a  considerable  quantity  of  domestic  and 
manufacturing  sewage  from  the  territory  through  which  it  flows,  may  find  its 
way  through  the  ground  to  the  wells  without  being  thoroughly  purified  by 
filtration.  It  is  impracticable  to  predict  whether  the  water  taken  from  the 
ground  in  this  region  would  deteriorate  in  quality  from  either  cause  to  such 
a  degree  as  to  make  it  unsafe  for  use  for  the  next  two  years ;  but,  consider- 
ing the  necessity  of  supplementing  your  present  supply  and  the  desirability 
of  obtaining  a  water  of  better  quality  than  that  at  present  supplied  to  Hyde 
Park  and  Milton,  for  use  until  such  time  as  the  metropolitan  water  supply 
shall  be  available,  the  Board  would  advise  that  this  location  be  adopted  as 
a  temporary  source  of  supply,  but  that  the  quality  of  the  water  be  carefully 
observed  by  means  of  frequent  analyses,  in  order  that  any  serious  deterio- 
ration may  be  discovered.  The  wells  should  be  located  as  far  as  practica- 
ble from  dwelling-houses  and  from  Mother  Brook. 

Kingston.  The  water  board  of  Kingston  applied  to  the  Board, 
April  27,  1896,  for  its  advice  relative  to  increasing  the  public 
water  supply  by  taking  water  from  the  ground  in  the  valley  of 
Furnace  Brook  in  that  town.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  July  3,  1896. 
The  State  Board  of  Health  has  considered  your  application  for  advice 
▼ith  reference  to  a  proposed  water  supply  for  the  town  of  Kingston,  to  be 
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taken  from  the  ground  in  the  valley  of  Furnace  Brook,  so-called,  and  has 
caused  an  examination  of  the  proposed  source  to  be  made  by  one  of  its 
engineers,  and  samples  of  water  from  test  wells  in  the  region  in  which  it  is 
proposed  to  locate  the  works  to  be  analyzed. 

Judging  from  tests  which  you  have  made  by  driving  wells  in  the 
valley  of  the  brook  about  600  feet  below  the  tack  factory,  and  pumping 
from  them,  the  conditions  are  favorable,  both  with  regard  to  the  porosity 
of  the  material  and  the  freedom  with  which  water  could  be  pumped  from 
the  test  wells,  to  obtaining  a  lai*ge  quantity  of  water  from  the  ground  at 
this  place. 

The  water  of  the  test  wells,  as  shown  by  several  analyses,  is  colorless, 
soft,  and  otherwise  of  excellent  quality  for  the  purposes  of  a  public  water 
supply.  The  quantity  of  iron  present  in  the  water  was  insignificant,  and 
showed  no  tendency  to  increase  while  pumping  for  a  period  of  ten  days ; 
but  there  are  indications  that  the  water  filtering  past  the  dam  at  the  tack 
factory  is  strongly  impregnated  with  iron,  and  in  constructing  a  system  of 
wells  for  collecting  ground  water  in  this  valley  it  will  be  necessary  to  avoid 
locating  any  of  the  wells  in  the  vicinity  of  this  dam. 

The  surface  of  the  ground  aboat  the  test  wells  is  at  an  elevation  several 
feet  above  your  present  pumping  station,  and  it  is  understood  that  you 
propose  to  lay  a  pipe  to  convey  the  water  from  the  proposed  source  to  the 
pumping  station  by  gravity ;  but  if  sufficient  water  is  not  furnished  in  this 
Vray  it  is  expected  to  use  the  pipe  as  a  suction  main.  It  is  probably  not 
priacticable,  with  so  long  a  suction  main,  to  redace  materially  the  level  of 
the  water  in  the  ground  aboat  the  wells ;  and,  as  the  area  from  which 
water  can  safely  be  drawn  is  limited  by  the  proximity  of  the  dam  above 
the  wells  and  by  the  character  of  the  material  found  beneath  the  ground  a 
short  distance  down  stream  from  the  wells,  which  is  said  to  be  very  fine, 
there  is  some  uncertainty  as  to  whether  a  sufficient  quantity  of  water  for 
the  supply  of  the  town  at  all  times  can  be  obtained  from  this  source  in  the 
manner  proposed. 

It  is  very  desirable,  in  constmcting  works  for  obtaining  a  new  supply  of 
water,  that  you  secure  an  ample  quantity  for  the  needs  of  the  town  at 
present  and  for  a  reasonable  time  in  the  future ;  and  the  Boaitl  advises 
that,  before  finally  locating  your  wells  and  laying  the  pipe  to  the  pumping 
station,  you  ascertain  whether  the  supply  can  be  increased,  if  necessary, 
by  extending  the  collecting  system  farther  up  the  valley  of  Furnace  Brook. 

The  Board  is  informed  that  there  are  several  long  lines  of  lead  pipe  in 
use  for  distributing  water  in  the  town,  notwithstanding  the  fact  that  the 
use  of  these  pipes  for  the  distribution  of  water  seriously  injured  the  health 
of  many  citizens  of  the  town  last  year,  causing  this  Board  to  recommend 
the  immediate  removal  of  all  lead  pipes  in  the  town.     The  Board  again 
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urges  the  town  to  proceed  at  once  to  remove  all  the  lead  pipe  now  in  use 
in  the  town,  wliether  as  mains  or  service  pipes. 


Massachusetts  School  for  the  Feeble-minded.  The  trustees 
of  the  Massachusetts  School  for  the  Feeble-minded  applied  to  the 
Board,  May  21,  1896,  for  its  advice  relative  to  the  propriety  of 
covering  their  water  reservoir.  The  Board  replied  to  this  applica- 
tion as  follows :  — 

Boston,  July  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice  as 
to  the  necessity  or  advisability  of  covering  the  distributing  reseiToir  of 
your  water-supply  system,  in  which  you  state  that  your  supply  is  obtained 
by  pumping  from  the  works  of  the  city  of  Waltham,  and  that  the  water  is 
often  offensive  to  sight  and  smell,  but  that  it  has  not  apparently  been  any 
better  or  worse  for  passing  through  your  reservoir. 

The  water  supply  of  the  city  of  Waltham  is  taken  from  a  covered  filter 
basin  and  well  near  the  Charles  River,  above  the  city,  and  the  water  at  the 
source  of  supply  is  free  from  taste  and  odor  and  from  vegetable  organisms, 
and  is  a  very  satisfactory  water  for  domestic  use.  The  water  is  supplied 
to  the  city  by  pumping,  and  an  open  reservoir  is  used  in  connection  with 
the  distributing  system.  The  exposure  of  the  water  to  light  in  the  reser- 
voir is  the  cause  of  the  presence  in  the  water  of  large  numbers  of  micro- 
scopical organisms  at  nearly  all  times,  which  impart  to  the  water  a 
disagreeable  taste  and  odor. 

The  effect  of  exposing  ground  water  to  light  in  an  open  distributing 
reservoir  upon  the  quality  of  the  water  is  well  known,  and  the  use  of  the 
reservoir  is  avoided,  so  far  as  practicable,  by  pumping  as  nearly  as  pos- 
sible at  the  same  rate  as  the  consumption.  It  is,  therefore,  probable  that 
most  of  the  supply  that  is  pumped  to  your  distributing  reservoir,  especially 
daring  the  summer  season,  is  water  which  comes  from  the  well  or  filter 
basin,  and  has  not  passed  through  the  city  distributing  reservoir.  The 
storage  of  this  water  in  a  reservoir  where  it  is  exposed  to  light  would  be 
favorable  to  the  growth  of  microscopical  organisms,  and  the  quality  of  the 
water  would  deteriorate  in  consequence. 

In  view  of  the  circumstances,  therefore,  it  is  desirable  that  you  cover  your 
leservoir  in  such  a  manner  as  to  keep  the  water  wholly  from  exposure  to  the 
iigbt.  There  will,  of  course,  still  be  danger  that  a  portion  of  the  water  pumped 
to  your  reservoir  will  come  from  the  Waltham  distributing  reservoir,  and 
possibly  be  affected  by  taste  and  odor ;  but  if  your  reservoir  is  covered  so  as 
to  exclude  the  light,  the  conditions  will  be  unfavorable  to  a  continuation 
of  the  development  of  microscopical  organisms  that  may  enter  it. 
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Medfield  Insane  Asylum.  The  trustees  of  the  Medfield  Insane 
Asylum  applied  to  the  Board,  July  1,  1896,  for  its  advice  relative 
to  a  proposed  additional  waj;er  supply  for  the  asylum,  to  be  takeo 
either  from  driven  wells  near  the  present  supply  or  from  Farm 
Pond  in  Sherborn.  The  Board  replied  to  this  application  as  fol— 
lows :  — 


Boston,  Oct.  1,  1896. 

The  Board  has  caused  an  examination  of  both  of  these  sources  to  be 
made  by  one  of  its  engineers,  and  has  had  samples  of  the  water  analyzed. 
It  was  originally  proposed  to  draw  the  supply  for  this  institution  from  the 
ground,  on  the  right  or  easterly  bank  of  the  Charles  River,  near  the  line 
between  Dover  and  Medfield,  and  twenty  tubular  wells  were  sunk  in  this 
locality.  The  quality  of  the  water  furnished  by  these  wells  is  excellent, 
but  the  quantity  has  been  found  to  be  wholly  inadequate  for  the  needs  of 
the  asylum,  and  the  supply  for  purposes  other  than  drinking  has  been 
drawn  from  the  Charles  River.  Judging  from  information  furnished  by 
your  engineer  as  to  the  character  of  the  material  found  beneath  the  surface 
in  this  vicinity,  it  appears  that  there  are  in  places  deposits  of  gravel  from 
which  ground  water  can  be  drawn  freely,  while  in  other  places  the  material  is 
so  fine  that  it  will  yield  but  little  water.  The  conditions,  on  the  whole,  are 
such  that  it  is  not  probable  that  a  sufilcient  quantity  of  water  for  the 
asylum  could  be  obtained  by  driving  additional  wells  in  the  vicinity  of  the 
present  works. 

Farm  Pond  is  situated  at  such  an  elevation  that  its  water  can  be  drawn 
to  your  present  pumping  station  by  gravity.  The  water  of  Farm  Pond 
has  been  examined  several  times  during  the  past  summer,  by  means  of 
chemical  and  microscopical  analyses,  and  has  been  found  to  be  very  sof t, 
nearly  colorless,  and  otherwise  of  excellent  quality  for  a  domestic  water 
supply.  The  watershed  is  free  from  dwelling-houses,  and  the  source  is 
naturally  an  excellent  one  for  water-supply  purposes.  On  one  side  of  the 
pond  there  is  a  grove  used  by  picnic  parties  in  summer,  and  care  will  be 
necessary  to  prevent  danger  of  pollution  of  the  water  from  this  cause. 
The  situation  of  the  pond,  not  far  from  the  village  of  Sherborn,  is  such 
that  it  may  be  found  to  be  the  most  appropriate  source  of  supply  for 
this  village  in  the  future;  but  the  yield  of  the  pond  will  be  sufilcient 
both  for  the  asylum  and  for  the  town  of  Sherborn,  unless  the  population 
in  either  shall  increase  to  a  much  gi*eater  extent  than  is  to  be  expected  at 
present. 

The  Board  therefore  concludes  that  Farm  Pond  is  an  appropriate  source 
of  additional  water  supply  for  the  Medfield  Insane  Asylum. 
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Medway.  The  water  supply  committee  of  Medway  applied  to 
the  Board,  May  23,  1896,  for  its  advice  relative  to  the  introduction 
of  a  public  water  supply,  certain  alternative  sources  being  specified 
in  the  application.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  Jnly  3,  1896. 
The  State  Board  of  Health  received  from  you,  on  May  25,  an  appliea- 
Cfttion  for  advice  with  reference  to  a  proposed  water  supply  for  the  town, 
in  which  you  mention  three  proposed  sources  of  supply,  two  of  which  are 
in  the  valley  of  Chicken  Brook  and  the  third  on  the  north  side  of  Main 
Street,  near  Holliston  Street. 

The  Board  has  caused  an  examination  of  the  proposed  sources  to  be 
made  by  one  of  its  engineers,  and  samples  of  water  from  a  spring  and  test 
well  in  the  valley  of  Chicken  Brook  to  be  analyzed.  The  analyses  show 
that  the  water  is  of  suitable  quality  for  domestic  purposes,  but  it  does  not 
appear  probable  that  a  supply  of  ground  water  sufficient  for  the  supply 
of  the  town  of  Medway  can  be  obtained  from  the  valley  of  this  brook  in 
the  vicinity  of  either  of  the  points  indicated  by  you. 

With  reference  to  the  third  source,  it  is  understood  that  your  committee 
has  already  concluded  that  the  probable  quantity  of  water  that  could  be 
obtained  from  it  would  be  entirely  inadequate  for  the  supply  of  the  town. 

The  Board  has  already,  on  a  previous  occasion,  considered  the  question 
of  a  water  supply  from  these  sources  and  from  certain  other  sources  in  the 
town,  in  response  to  an  application  from  H.  V.  Mitchell  and  others,  who 
were  about  to  f oim  a  water  company ;  and  a  copy  of  the  reply  of  the 
Board,  which  was  dated  March  1,  1892,  is  enclosed. 

The  Medway  Water  Company  submitted  an  application  to  this  Board,  in 
July  of  last  year,  for  advice  with  reference  to  a  water  supply  to  be  taken 
from  the  ground  in  the  easterly  part  of  the  town,  and  have  continued  their 
investigations  during  the  earlier  portion  of  the  present  year.  In  response 
to  their  application,  the  Board  has  recently  advised  the  Medway  Water 
Company  with  reference  to  their  proposed  water  supply,  and  a  copy  of 
this  communication  is  also  enclosed. 


Medway.  The  Medway  Water  Company  applied  to  the  Board, 
J^y  19,  1895,  for  its  advice  relative  to  taking  a  public  water 
supply  from  the  ground  on  the  left  or  northerly  bank  of  the 
Charles  River  in  the  east  part  of  the  town.  The  Board  replied  to 
^  application  as  follows :  — 
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Boston,  July  3,  1896. 

The  Board  caused  an  examination  of  the  proposed  source  of  supply  to 
be  made,  and  samples  of  water  from  the  test  wells  located  in  the  vicinity 
of  the  comer  of  Walker  and  Village  streets  to  be  analyzed.  The  results 
of  these  analyses  showed  that  the  water  had  previously  been  polluted  and 
subsequently  purified  to  a  large  extent  by  its  passage  through  the  ground ; 
but  iron  was  present  in  such  quantities  in  some  of  the  samples  as  to 
indicate  that  the  water  would  be  affected  by  the  presence  of  an  excessive 
amount  of  this  ingredient,  should  a  lai^e  quantity  of  water,  such  as  would 
be  needed  for  the  supply  of  the  town  of  Medway,  be  drawn  continuously 
from  the  ground  in  this  vicinity. 

In  view  of  the  unfavorable  character  of  the  water  obtained  from  these 
test  wells,  you  requested  that  the  Board  postpone  the  consideration  of  this 
matter  until  further  investigations  could  be  made ;  and  in  the  spring  of  the 
present  year  a  second  group  of  test  wells  was  put  in  by  you  in  territory  on 
the  opposite  side  of  the  river,  and  about  500  feet  farther  down  stream. 
These  wells  are  three  in  number,  and  are  situated  about  60  feet  from  the 
river,  where  the  latter  makes  a  sharp  bend  known  as  the  **  ox-bow."  The 
Board  has  caused  an  examination  of  this  locality  also  to  be  made,  and  has 
found  that  the  conditions,  as  regards  the  porosity  of  the  soil,  are  favor- 
able to  obtaining  water  freely  from  wells  here,  and  the  territory  on  both 
sides  of  the  river  appears  to  be  of  a  porous  character,  judging  from  surface 
indications ;  but  with  the  information  at  present  available  it  Is  not  feasible 
to  tell  whether  or  not  a  sufficient  supply  of  water  for  the  town  can  be 
obtained  from  the  ground  in  this  vicinity. 

Samples  of  water  have  been  collected  from  each  of  the  three  test  wells 
on  two  occasions,  and  the  results  show  in  general  that  the  water  has  at 
some  time  been  polluted  but  subsequently  purified  by  its  passage  through 
the  ground.  The  quantity  of  iron  in  all  of  the  samples  was  so  small  as 
not  to  affect  the  quality  of  the  water,  but  there  was  a  marked  increase  in 
the  quantity  of  iron  found  in  the  second  set  of  samples,  which  were  col- 
lected after  pumping  for  about  ten  hours  daily  for  several  days  with  a 
hand  pump.  The  quality  of  the  water  in  other  respects  improved  some- 
what with  pumping. 

The  changes  that  took  place  in  the  character  of  the  water  while  pump- 
ing only  a  comparatively  small  amount  from  the  wells  make  it  impossi- 
ble to  predict  what  the  probable  character  of  the  water  would  be,  after 
pumping  continuously  for  a  long  time  a  quantity  such  as  would  be  needed 
for  the  supply  of  Medway.  The  location  of  the  proposed  wells,  in 
the  vicinity  of  Charles  River,  a  stream  which  receives  considerable  sew- 
age pollution  from  the  factories  and  villages  along  its  banks  above  this 
point,  makes  it  essential  that  any  water  that  may  enter  the  wells  from  the 
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river  shall  be  thoroughly  purified  by  filtration  for  a  long  distance  through 
the  ground. 

In  view  of  all  the  circumstances,  the  Board  does  not  advise  the  construc- 
tion of  works  for  taking  a  supply  of  water  from  the  ground  in  the  vicinity 
of  the  present  test  wells  until  you  have  made  further  tests  by  driving  wells 
and  pumping  from  them  continuously,  at  as  great  a  rate,  at  least,  as  would 
be  necessary  for  the  supply  of  a  town  like  Medway,  and  for  a  sufficient 
time  to  determine  whether  this  source  can  be  depended  upon  to  furnish 
water  of  satisfactory  quality  for  dnnking  purposes,  and  in  sufficient  quan- 
tity for  the  supply  of  the  town. 

It  is  very  desirable,  in  putting  in  additional  wells,  that  they  be  placed 
at  a  much  greater  distance  from  the  river  than  the  present  test  wells. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

Merrimac.  The  water  supply  comDaittee  of  Merrimac  applied 
to  the  Board  for  its  advice  relative  to  a  water  supply  for  that  town, 
suggesting  certain  sources  for  examination.  The  Board  replied  to 
this  application  as  follows  :  — 

Boston,  Dec.  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  water  supply  for  the  town  of  Merrimac,  and  has  caused 
an  examination  of  the  sources  mentioned  in  your  application  to  be  made 
by  its  engineer,  and  samples  of  the  waters  to  be  analyzed. 

The  first  source  mentioned  is  Cobbler's  Brook,  which  you  propose  to  use 
either  by  taking  water  from  the  ground,  about  half  a  mile  above  the  rail- 
road station  and  near  the  old  Tukesbury  dam,  or  by  taking  water  from  a 
storage  reservoir,  to  be  formed  by  constructing  a  dam  across  the  valley 
near  the  old  Tukesbury  dam,  or  by  both  methods. 

In  this  locality  you  have  made  tests  of  the  ground  by  means  of  tubular 
wells,  a  portion  of  the  wells  being  located  close  to  the  old  dam,  and  the 
others  about  400  feet  farther  down  the  stream.  The  results  of  these  ex- 
aminations do  not  show  the  presence  of  porous  material  of  sufficient  depth 
tnd  extent  to  furnish  a  reasonable  expectation  of  obtaining  any  consider- 
Able  quantity  of  water  from  the  ground.  An  analysis  of  a  sample  of  water 
collected  by  you  from  the  test  well  from  which  water  could  be  pumped 
with  the  most  freedom,  shows  that  it  contains  so  large  a  quantity  of  iron 
that  the  water  would  be  objectionable  for  many  domestic  purposes. 

It  is  probable  that,  by  constructing  a  storage  reservoir  of  sufficient  size 
»t  the  place  proposed,  enough  water  could  be  obtained  from  the  brook  for 
the  supply  of  the  town ;  but  the  analyses  of  samples  of  water  from  the 
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brook  at  this  point  show  that  the  water  is  highly  colored  and  contains  a 
large  amount  of  organic  matter,  so  that  it  would  be  an  unsatisfactory 
water  for  domestic  uses  in  its  present  state,  and  it  is  unlikely  that  its 
quality  would  be  materially  improved  by  storage  in  a  reservoir  of  the  size 
that  would  be  needed  for  the  supply  of  the  town  of  Merrimac. 

The  next  source  mentioned  in  your  application  is  Lake  Attitash,  or  Kim- 
bairs  Pond,  water  to  be  taken  either  directly  from  the  pond  or  from  the 
ground  near  the  pond,  or  by  both  methods. 

The  pond  is  capable  of  supplying  a  much  greater  quantity  of  water  than 
would  be  needed  by  the  town  of  Memmac.  A  limited  number  of  analyses 
of  the  water,  made  in  the  months  of  May,  September  and  October,  show 
that  it  is  soft,  but  that  its  quality  is  variable.  The  water  has  at  times  a 
high  color  and  contains  a  somewhat  large  amount  of  organic  matter,  as 
shown  by  these  analyses ;  and  the  microscopical  examinations  show  the 
presence  of  some  minute  vegetable  organisms,  which  are  often  found  m 
waters  which  give  trouble  from  bad  tastes  and  odors.  The  pond  is,  more- 
over, exposed  to  danger  of  pollution  from  the  summer  cottages  along  its 
shores,  and  in  its  present  condition  cannot  be  considered  a  desirable  or 
safe  source  of  public  water  supply. 

Test  wells  have  been  driven  by  you  in  two  localities  in  the  vicinity  of 
the  pond,  one  near  the  southerly  shore  and  the  other  near  the  westerly 
shore  south  of  Back  River.  The  results  obtained  from  tests  near  the 
southerly  shore  of  the  pond  were  unfavorable,  since  no  deep  stratum  of 
coarse  sand  or  gravel  was  found  from  which  water  could  be  obtained  with 
freedom.  The  tests  made  on  the  westerly  shore  of  the  pond  were  some- 
what more  favorable,  and  a  sample  of  water  collected  by  you  from  one  of 
the  wells  was  found  to  be  colorless,  soft,  and  otherwise  excellent  for  the 
purposes  of  a  water  supply ;  but  ledge  was  found  at  no  great  distance  be- 
neath the  surface,  and,  judging  from  the  results  of  these  tests,  the  condi- 
tions are  not  favorable  for  obtaining  a  sufficient  quantity  of  water  for  the 
town  in  this  locality. 

The  next  source  mentioned  is  **The  Plains,"  so-called,  a  level  tract  of 
land  extending  from  near  the  southerly  end  of  Kimbairs  Pond  toward  the 
Merrimac  River.  From  information  obtained  from  a  single  test  well  as  to 
the  character  of  the  material  beneath  the  surface  of  the  Plains,  it  appears 
probable  that  the  material  is  too  fine  to  yield  water  freely  in  any  considera- 
ble quantity ;  and,  judging  from  the  topography  of  the  region,  the  area 
from  which  water  would  be  contributed  to  the  wells  in  this  territory  would 
be  too  small  to  furnish  at  all  times  the  quantity  of  water  that  would  be 
required  by  the  town. 

The  last  source  mentioned  in  your  application  is  the  Back  River  water- 
shed, from  which  you  propose  to  take  water  either  from  the  ground  Just 
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below  and  not  far  from  Sargent's  Millpond,  including  the  water  of  Sar- 
gent's Spring,  or  directly  from  the  brook  by  constructing  a  storage  reser- 
Toir  thereon,  or  by  both  methods. 

It  appears  that  three  test  wells  have  been  driven  in  this  valley,  at  points 
within  a  distance  of  about  a  quarter  of  a  mile  below  Sargent's  Pond,  in 
two  of  which  the  material  was  found  to  be  so  compact  that  no  water  could 
be  obtained,  and  ledge  was  found  within  a  few  feet  of  the  surface.  In  one 
of  the  wells  a  coarse  stratum  of  gravel  was  found,  from  6  to  14  feet 
beneath  the  surface,  from  which  water  could  be  drawn  with  considerable 
freedom,  and  a  sample  of  water  from  this  well  was  collected  by  you  for 
tnalysis.  The  results  showed  the  presence  of  so  large  a  quantity  of  iron 
in  the  water  as  to  make  it  very  objectionable  for  most  domestic  uses. 

Sargent's  Spring  and  the  springs  in  its  vicinity,  according  to  measure- 
ments furnished  by  your  engineer,  would  not,  alone,  furnish  a  sufScient 
quantity  of  water  for  the  town,  though  the  quality,  judging  from  an 
analysis  of  the  water  of  one  of  these  springs,  would  probably  be  good. 

Analyses  of  the  water  of  Back  River  show  that  it  is  very  highly  colored 
tad  much  poorer  in  quality  than  the  water  of  Cobbler's  Brook,  so  that  its 
nse  for  water-supply  purposes  would  be  even  more  objectionable  than  the 
use  of  water  from  Cobbler's  Brook. 

From  the  investigations  thus  far  made,  it  does  not  appear  that  any  of 
the  sources  mentioned  in  the  application  are  likely  to  furnish  a  sufficient 
quantity  of  water  of  satisfactory  quality  for  the  supply  of  the  town  of 
Herrimac. 

In  general,  a  supply  of  water  taken  from  the  ground  is  much  to  be  pre- 
feired  to  one  taken  from  a  stream  or  other  surface-water  source,  because 
the  water  is  colorless  and  free  from  unpleasant  tastes  and  odors ;  and  the 
Board  would  advise  that  you  continue  your  investigations,  with  a  view  to 
obtaining  a  supply  of  good  water  from  the  ground. 

While  the  investigations  made  in  the  vicinity  of  Kimball's  Pond  were 
unfavorable  to  obtaining  a  sufficient  supply  of  water  from  the  ground, 
tbey  were  not  extensive  enough  to  enable  the  Board  to  conclude  that  a 
sufficient  supply  may  not  be  obtained  in  this  region.  Judging  from  sur- 
face indications,  coarse  gravel  is  likely  to  be  found  beneath  the  surface 
Along  the  northerly  side  of  Kimball's  Pond,  between  its  outlet  and  Back 
Biver ;  and,  while  this  territory  is  outside  the  limits  of  MeiTimac,  it  is  de- 
siiable  that  an  investigation  be  made  here,  to  see  whether  it  may  not  be 
possible  to  obtain  a  supply  of  water  from  the  ground  in  this  locality.  It 
^  seems  desirable  that  a  further  investigation  be  made  along  the  shore  of 
tbe  pond,  south  of  Back  River. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
wben  yon  have  the  results  of  additional  investigations  to  present. 
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Montague  (Miller's  Falls).  The  State  Board  of  Health  re- 
ceived an  application  from  the  water  supply  committee  of  Miller's 
Falls,  Dec.  9,  1895,  for  the  advice  of  the  Board  relative  to  certain 
proposed  sources  of  water  supply  for  that  village,  at  the  same  time 
suggesting  Osgood  Brook  and  Lake  Pleasant  as  alternative  sources. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Feb.  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  water  supply  for  Miller's  Falls,  in  which  you  state  that 
the  sources  under  consideration  are  Osgood  Brook,  so-called,  and  Lake 
Pleasant,  the  present  source  of  supply  of  Turner's  Falls,  and  ask  the 
advice  of  the  Board  as  to  which  of  these  sources  will  famish  the  best 
water,  and  as  to  whether  Osgood  Brook  will  furnish  enough  water,  if  taken 
in  the  vicinity  of  Lyon's  mill,  to  supply  the  present  and  prospective  popu- 
lation of  the  village  in  the  driest  time  in  a  dry  year,  and  for  any  other 
information  which  will  assist  you  in  the  selection  of  a  water  supply  for  the 
village. 

The  Board  has  caused  an  examination  of  Osgood  Brook  to  be  made,  and 
samples  of  the  water  of  the  brook  in  the  vicinity  of  Lyon's  mill  and  of  the 
water  of  Buggies  Pond,  situated  upon  the  brook  above  Lyon's  mill,  to  be 
analyzed.  The  samples  were  collected  from  each  source  December  8  and 
19.  The  water  of  the  pond  and  brook  on  the  first  date  had  a  very  high 
color;  on  the  second  date,  the  color  of  the  water  of  the  pond  remained 
practically  the  same,  but  the  color  of  the  water  of  the  brook  was  consid- 
erably less,  a  condition  which  might  have  been  caused  by  melting  snow- 
water entering  the  brook  below  the  pond. 

It  is  difficult  to  judge,  from  analyses  made  at  this  season  of  the  year, 
what  the  character  of  the  water  may  be  at  other  times ;  but,  judging  from 
the  information  at  present  available  as  to  the  character  of  this  pond  and 
from  the  results  of  the  analyses,  the  indications  are  that  the  water  of  this 
pond  and  consequently  of  the  brook  below  is  likely  to  be  unsatisfactory  for 
domestic  purposes. 

While  it  might  be  possible,  either  by  making  improvements  in  Buggies 
Pond  and  its  vicinity  by  removing  the  vegetable  matter  and  raising  the 
dam  or  by  draining  the  pond  and  the  swamps  above  it,  to  improve  the 
quality  of  the  water  of  Osgood  Brook,  the  cost  to  the  village  of  obtaining 
a  water  supply  of  satisfactory  quality  in  this  way  would  probably  exceed 
the  cost  of  a  supply  from  Lake  Pleasant. 

With  reference  to  the  probable  quantity  of  water  that  Osgood  Brook 
would  fui'uish  in  a  very  dry  season,  without  the  use  of  the  storage  capacity 
of  Buggies  Pond,  no  definite  advice  can  be  given  with  present  informa- 


No.  34.]        ADVICE  TO  CITIES  AND  TOWNS.  31 

tion.  Should  the  flow  per  square  mile  be  as  small  as  has  been  found  to 
be  the  case  with  some  brooks  of  similar  character,  the  yield  would  not 
probably  be  sufficient  for  the  village  at  all  times ;  while,  if  the  flow  is  as 
well  maintained  in  the  drier  portion  of  a  dry  summer  as  it  is  in  the  case  of 
many  other  brooks,  the  quantity  would  be  ample.  This  matter  could  only 
be  determined  by  careful  gaugings  of  the  flow  of  the  brook  in  the  drier 
portion  of  a  dry  season. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  Lake 
Pleasant  would  prove  a  more  satisfactory  source  of  supply  than  Osgood 
Brook  in  its  present  state,  and  is  the  more  appropriate  supply  for  the 
Tillage  of  Miller's  Falls. 


Northampton.  An  application  was  received  from  the  water 
board  of  Northampton,  Feb.  3,  1896,  for  the  advice  of  the  State 
Board  of  Health  relative  to  increasing  the  water  supply  of  the  city 
by  taking  the  water  of  Ashfield  or  Bradford  Brook,  a  tributary  of 
Mill  River.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  March  6, 1896. 
The  State  Board  of  Health  received  from  you,  Jan.  25,  1896,  an  appli- 
cation relative  to  the  use  of  Mill  River  and  its  tributaries  as  a  source  of 
water  supply  for  Northampton.  Regarding  this  source  of  supply  and  the 
proposed  method  of  utilizing  the  water  from  it,  you  make  the  following 
statement :  —  , 

**  We  ask  for  the  State  right  to  use  Mill  River  and  its  tributaries  for  a 
water  supply  for  Northampton,  Mass. 

"We  do  not  expect  to  use  the  whole  system  at  present,  but  a  tributary 
of  Mill  River,  called  the  East  Branch  of  Ashfield  or  Bradford  Brook,  in 
Williamsburg,  which  is  the  site  of  an  old  reservoir  that  went  out  in  May, 
1874,  causing  the  Mill  River  flood,  and  which  has  not  been  rebuilt.  The 
land  flowed  would  be  about  108  acres,  the  depth  at  dam  about  47  feet,  the 
average  depth  about  20  feet,  the  capacity  about  f  billion  gallons.  It  is 
said  to  have  fllled  four  times  in  ordinary  years. 

"Under  the  circumstances,  perhaps  it  would  be  considered  necessary  for 
you  to  examine  only  this  branch  of  Mill  River. 

"The  surrounding  country  is  uninhabited,  mountainous  and  mostly 
wooded,  with  no  highways  near,  and  no  danger  of  pollution  either  present 
or  in  prospect. 

"  The  bed  of  the  reservoir  site  is  covered  with  a  growth  of  wood  twenty- 
two  years  old.  The  soil  is  gravelly,  with  no  swamps  so  far  as  we  know. 
The  quality  of  water  is  excellent. 
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"We  propose  to  pipe  from  the  dam  about  4  miles  to  where  the  water 
will  flow  in  an  open  stream  to  our  new  or  middle  reservoir,  about  2  miles." 

The  Board  has  caused  an  examination  of  the  East  Branch  of  Ashfield  or 
Bradford  Brook  to  be  made,  and  a  sample  of  water  collected  near  the  site 
of  the  former  reservoir  to  be  analyzed.     The  analysis  shows  that  the  water 
is  slightly  colored,  but  that  it  is  quite  soft,  and  otherwise  of  satisfactory 
quality  for  the  purposes  of  a  domestic  water  supply ;  and,  while  it  is  diffi- 
cult to  judge  from  a  single  analysis  at  this  season  of  the  year  what  the 
quality  of  the  water  may  be  at  other  seasons,  there  is  little  reason  to  ex- 
pect that  it  would  be  very  diffei'ent ;  and,  if  the  water  is  stored  in  a  reser- 
voir properly  prepared  for  the  purpose  by  the  removal  of  all  the  soil  and 
vegetable  matter  from  the  area  to  be  flowed,  its  quality  should  not  deteri- 
orate. 

The  quantity  of  water  which  this  source  would  yield  with  a  reservoir  of 
the  size  proposed  would  be  sufficient,  in  connection  with  present  sources, 
for  a  population  several  times  as  great  as  is  now  contained  in  North- 
ampton. 

An  estimate  of  the  capacity  of  the  present  sources  of  supply  of  North- 
ampton, based  upon  the  area  of  the  watershed,  as  measured  from  the 
topographical  map  of  the  State,  and  the  capacity  of  the  existing  storage 
reservoirs  upon  this  watershed,  as  given  in  the  annual  reports  of  your 
board,  indicates  that,  if  the  consumption  of  water  per  capita  in  North- 
ampton is  no  lai^er  than  in  other  cities  where  records  of  the  consumption 
of  water  are  kept,  the  capacity  of  your  present  sources  is  sufficient  for  the 
supply  of  the  city  for  several  years,  and  there  is  no  immediate  need  of  a 
new  supply  on  account  of  the  quantity  of  water. 

The  quality  of  the  water,  while  affected  somewhat  by  contact  with  vege- 
table matter  in  swamps,  which  gives  it  at  times  considerable  color,  is 
satisfactory,  excepting  that  the  water  of  the  reservoir  recently  built  was 
affected  by  a  disagreeable  taste  and  odor  during  the  summer  of  1895. 
This  may  have  been  caused  by  the  flooding  of  a  swampy  area  adjacent  to 
the  reservoir,  in  consequence  of  the  use  of  the  flashboards  upon  the  dam. 
By  avoiding  this  condition  in  the  future,  the  quality  of  the  water  of  this 
reservoir  is  likely  to  be  more  satisfactory. 

If  the  storage  capacity  upon  the  watershed  could  be  doubled,  a  large 
increase  in  the  capacity  of  the  works  would  be  made,  and  the  need  of  an 
additional  supply  from  another  watershed  would  be  postponed  for  many 
years.  Moreover,  if  a  site  can  be  found  where  a  storage  reservoir  of 
considerable  depth  can  be  constructed,  and  if  the  reservoir  is  properly  pre- 
pared for  the  reception  and  storage  of  water  by  the  thorough  removal  of 
the  soil  and  vegetable  matter  from  its  bottom  and  sides,  water  of  satisfac- 
tory quality  should  be  obtained.     It  is  possible  that  the  fuilher  improve- 
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ment  in  the  quality  of  the  water  could  be  made  by  draining  the  swamps 
upon  the  watershed,  where  necessary.  The  information  at  present  avail- 
able, however,  is  not  sufficient  to  enable  the  Board  to  determine  whether  it 
is  feasible  to  increase  further  the  reservoir  capacity  upon  the  watershed, 
and  it  wonld  be  very  difficult  to  make  a  satisfactory  investigation  with 
reference  to  this  matter  at  this  season  of  the  year. 

Under  the  circumstances,  the  Board  would  advise  that,  before  proceeding 
to  take  an  additional  supply  from  the  valley  of  Mill  River,  as  proposed  in 
your  application,  you  cause  an  investigation  of  the  watershed  of  Roberts' 
Meadow  Brook  to  be  made,  to  determine  the  feasibility  of  increasing  the 
storage  capacity  thereon,  and  the  probable  cost  of  increasing  the  supply  of 
Northampton  in  this  way,  as  compared  with  the  cost  of  obtaining  an  addi- 
tional supply  from  the  valley  of  Mill  River. 

In  this  connection  the  Board  would  also  suggest  that  you  cause  an  in- 
vestigation to  be  made  as  to  the  feasibility  of  obtaining  an  additional 
supply  in  connection  with  your  present  works,  by  diverting  into  the  water- 
shed of  Roberts*  Meadow  Brook  by  gravity  the  waters  of  the  upper  portion 
of  the  North  Branch  of  the  Manhan  River,  about  3^  miles  above  the  village 
of  Loudville,  and  as  to  the  probable  quantity  and  quality  of  water  to  be 
obtained  from  this  source,  and  its  cost  as  compared  with  the  other  schemes. 
The  Board  will,  upon  application,  advise  you  further  in  this  matter  when 
yoa  have  additional  information  to  present. 


PiTTSFiELD.  The  board  of  public  works  of  Pittsfield  applied  to 
the  State  Board  of  Health,  Nov.  18,  1895,  for  its  advice  with  refer- 
ence to  increasing  the  water  supply  of  the  city  by  taking  the  waters 
of  certain  brooks  in  neighboring  towns.  The  board  replied  to  this 
^)plication  as  follows  :  — 

BosTOir,  Jan.  16,  1896. 

On  Nov.  18,  1895,  the  State  Board  of  Health  received  from  you  an 
tpplication  for  advice  with  reference  to  your  proposed  plans  for  increasing 
the  water  supply  of  Pittsfield,  as  follows :  — 

*^The  city  of  Pittsfield,  represented  by  its  board  of  public  works,  desires 
the  advice  of  the  State  Board  of  Health  upon  its  plans  for  increasing  its 
witer  supply  in  the  following  manner :  — 

"  Taking  and  appropriating  the  waters  of  Sachem  and  Hollow  brooks,  in 
LJMiesborough  and  in  Hancock,  if  their  watershed  extends  into  the  town  of 
Hancock,  and  bringing  them  into  the  northern  part  of  our  water  system 
^y  means  of  the  construction  of  a  dam  or  dams  at  a  suitable  elevation  to 
cause  these  waters  to  flow  into  our  system  by  gravity ;    the  taking  and 
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appropriating  of  the  waters  of  Smith  and  May  brooks  in  the  city  of  Pitts- 
field  and  the  town  of  Hancock,  and  bringing  them  into  the  western  portion 
of  our  water  system  in  the  same  manner ;  raising  the  dam  at  Ashley  Lake, 
our  present  storage  reservoir,  so  as  to  increase  its  storage  capacity." 

Subsequently  a  report  of  your  engineer  was  submitted,  containing  the 
results  of  his  investigations  with  reference  to  an  additional  water  supply 
for  the  city,  with  data  as  to  the  consumption  of  water  and  the  flow  of  many 
streams  in  the  vicinity,  including  those  at  present  used  for  the  supply  of 
the  city  and  those  proposed  as  sources  of  additional  supply. 

The  Board  has  caused  an  examination  of  the  proposed  sources  of  supply 
to  be  made  by  one  of  its  engineers,  and  samples  of  the  water  to  be  an- 
alyzed. 

The  results  of  analyses  of  samples  of  water  from  each  of  the  brooks  men- 
tioned in  your  application,  collected  by  you  on  Aug.  12,  1895,  and  of  sam- 
ples collected  on  Nov.  27,  1895,  after  heavy  rains,  indicate  that  the  water  of 
Smith  and  May  brooks  is  of  about  the  same  character  as  that  of  Sackett, 
Ashley  and  Mill  brooks,  three  of  your  present  sources  of  supply.  The 
waters  of  Sachem  and  Hollow  brooks,  however,  while  of  much  the  same 
quality  in  most  respects,  are  harder,  the  hardness  of  Sachem  Brook 
apparently  being  nearly  as  great  as  that  of  Hathaway  Brook,  one  of  your 
present  sources  of  supply.  The  hardness  of  the  water  is  due  to  limestone, 
of  which  there  appears  to  be  a  large  amount  within  the  watersheds  of 
Sachem  and  Hollow  brooks.  On  the  whole,  the  indications  are  that  the 
waters  of  these  brooks  may  be  much  harder  than  is  desirable  for  do- 
mestic use. 

With  regard  to  the  quantity  of  water  that  your  sources  of  supply  could 
be  depended  upon  to  yield  in  a  dry  year  after  development  in  the  manner 
proposed,  no  definite  prediction  can  be  made  with  the  information  at  pres- 
ent available  to  the  Board.  The  information  obtained  from  the  report  of 
your  engineer  as  to  the  flow  of  the  various  brooks  during  a  portion  of  last 
summer  and  fall  indicates  that  in  a  very  dry  year  the  yield  of  your  present 
sources,  viz.,  Sackett,  Ashley,  Hathaway  and  Mill  brooks  and  Ashley 
Lake,  might  be  increased  from  fifty  to  sixty  per  cent,  by  the  addition  of 
Sachem,  Hollow,  May  and  Smith  brooks,  as  proposed.  As  to  the  question 
of  raising  the  dam  at  Ashley  Lake  two  feet,  the  experience  of  the  past 
seventeen  years,  in  five  of  which  the  lake  failed  to  fill  in  the  spring,  shows 
with  sufficient  conclusiveness  that  with  present  conditions  but  little  benefit 
can  be  derived  from  raising  the  dam.  If,  however,  the  area  of  the  water- 
shed can  be  increased,  it  may  be  desirable  to  raise  the  dam. 

Your  present  sources  appear  to  be  capable  of  supplying  the  city  for  the 
next  two  years,  even  if  they  are  dry  ones,  if  the  consumption  of  water  is 
kept  within  reasonable  limits,  unless  Ashley  Lake  fails  to  fill  in  the  coming 
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spring.  In  any  case,  should  an  emergency  arise,  a  temporary  additional 
supply,  sufficient  in  quantity,  is  available  by  pumping  water  from  Saekett 
Brook  at  your  present  temporary  pumping  station,  though  it  is  desirable  to 
avoid  the  use  of  this  water,  if  possible,  on  account  of  its  excessive  hard- 
ness. In  view  of  all  the  circumstances,  the  Board  would  advise  that  you 
make  surveys  and  investigations  in  the  vicinity  of  Ashley  Lake,  to  deter- 
mine whether  it  is  feasible  to  increase  the  area  of  its  watershed  and  how 
lai^e  an  additional  area  of  watershed  can  be  made  tributary  to  the  lake. 

A  few  years  ago  the  Board  advised  that  West  Pond  in  Washington  wa^ 
not  a  satisfactory  source  of  water  supply,  on  account  of  its  color  and 
oiganic  matter.  These  are  evidently  derived  from  the  vegetable  matter  of 
the  swamp  in  and  around  the  pond ;  and,  in  view  of  the  fact  that  your 
present  supply  from  Mill  Brook  can  be  readily  supplemented  by  gravity 
from  Roaring  Brook  below  West  Pond,  and  of  the  importance  to  your 
water-supply  system  of  additional  storage- reservoir  capacity,  it  is  worthy 
of  examination  to  detennine  whether  such  reservoir  capacity  may  not  be 
obtained  and  a  large  drainage  area  made  available  by  removing  the  vege- 
table matter  in  and  around  this  pond. 

It  is  also  suggested  that  the  question  of  the  cost  of  taking  water  from 
Onota  Lake  by  means  of  a  pumping  station  at  its  southerly  eud  be  investi- 
gated. 

In  connection  with  these  investigations,  it  is  advisable  to  have  the  watei-s 
of  the  different  available  sources  analyzed  from  time  to  time,  so  as  to  de- 
termme  their  general  character  at  different  seasons  of  the  year. 

With  information  as  to  the  points  mentioned,  the  Board  can  advise  you 
more  definitely  as  to  the  most  appropriate  source  of  additional  supply  for 
Pittsfield. 

Ply^iouth.  The  water  commissioners  of  Plymouth  applied  to 
the  Board,  Dec.  10,  1895,  for  its  advice  relative  to  the  best  method 
of  preventing  the  bad  taste  of  their  water  supply,  supposed  to  be 
due,  as  stated  in  the  application,  to  the  presence  of  Uroglena  in 
the  water  of  the  source  of  supply  (Little  South  Pond).  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  May  7, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  ad^^ce 
w  to  whether  there  is  any  means  of  preventing  the  appearance  in  Little 
South  Pond  of  the  organism  Uroglena^  which  imparts  to  the  water  a  dis- 
agreeable taste  and  odor,  and  your  request  for  advice  in  general  as  to  the 
best  method  of  improving  the  quality  of  the  water  supply  of  the  town. 

The  organism  Uroglena  was  first  observed  by  the  biologists  of  the  Board 
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in  the  winter  of  1891-92,  when  its  presence  was  discovered  in  the  water  of 
Little  South  Pond  and  in  two  or  three  other  sources  at  about  the  satne 
time.  Since  then  it  has  been  observed  in  several  other  water  supplies  in 
the  State,  in  some  of  which  it  has  caused  serious  trouble,  as  at  Plymouth. 

The  cause  of  the  appearance  of  this  organism  in  water  is  not  knowo^ 
and  there  is  no  known  method  of  preventing  its  appearance  or  growth  in 
the  water  of  a  pond  or  reservoir.  In  ponds  in  which  its  presence  has  been 
noted  the  experience  has  been  that  it  occurs  in  the  winter  season,  between 
October  or  November  and  March  or  April.  In  some  ponds  it  has  been 
present  in  nearly  every  year  since  it  was  first  observed,  though  it  appears 
to  be  present  in  less  numbers  and  to  affect  the  character  of  the  water  less 
senously  in  some  years  than  in  others. 

This  has  been  the  case  in  Little  South  Pond,  where  the  organism  has 
been  present  in  greater  or  less  numbers  during  nearly  eveiy  year  in  the 
past  five  yeara,  while  previous  to  that  time  the  water  is  said  to  have  been 
excellent  for  many  years.  There  is,  however,  a  reference  to  complaint  as 
to  the  quality  of  the  water  in  the  report  of  the  Plymouth  water  board  for 
1877,  but  the  exact  cause  of  the  trouble  at  that  time  does  not  appear  to 
have  been  determined. 

With  reference  to  the  best  method  of  improving  the  quality  of  the  water 
supply  of  the  town,  with  the  information  at  present  available,  the  Board 
can  advise  you  only  in  a  general  way. 

The  conditions  in  the  vicinity  of  the  ponds  from  which  your  present 
supply  is  drawn  appear  to  be  very  favorable  —  judging  from  surface  indi- 
cations—  to  obtaining  water  from  the  ground  with  freedom,  and  this  is 
true  also  of  much  of  the  territory  about  Plymouth.  A  good  ground  water, 
if  delivered  to  consumers  without  exposure  to  light  either  at  the  source  or 
in  a  distributing  reseiToir,  is  more  satisfactory  than  a  surface  water,  on 
account  of  its  attractive  appearance  and  freedom  from  taste  and  odor.  If 
such  a  supply  can  be  obtained  in  the  vicinity  of  Little  South  Pond,  in 
sufficient  quantity  to  furnish  all  the  water  needed  by  the  town  at  times 
when  the  quality  of  the  present  sources  is  unsatisfactory,  the  present  con- 
duit pipes  might  be  used  to  convey  the  water  by  gravity  to  the  pumping 
station  and  the  town,  as  at  present ;  and  under  the  circumstances  it  would 
probably  be  more  economical  to  take  a  supply  from  this  vicinity  rather 
than  elsewhere. 

If  a  ground-water  supply  is  introduced,  it  will  be  necessary  to  make  such 
changes  in  the  distributing  system  as  will  make  it  possible  to  deliver  water 
to  consumers  without  exposure  to  light. 

It  might  be  possible  to  purify  the  water  drawn  from  Little  South  Pond 
by  filtration  near  the  present  pumping  station,  but  such  experiments  upon 
the  filtration  of  this  water  as  have  thus  far  been  made  have  not  been  suffi- 
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cient  to  enable  the  Board  to  advise  you  as  to  the  size  of  filter  or  the  rate 
of  filtration  by  whieh  the  purification  of  the  water  could  be  satisfactorily 
effected.  If,  as  a  result  of  experiments,  it  should  be  found  that  it  is  fea- 
sible to  purify  the  water  by  filtration,  it  is  not  unlikely  that  the  cost  would, 
in  the  end,  be  greater  than  the  cost  of  a  ground- water  supply,  if  a  suitable 
source  can  be  found  neai*  Little  South  Pond,  as  suggested.  The  trouble 
with  the  water  has  generally  been  most  serious  in  cold  weather,  when  much 
care  might  be  necessary  to  secure  satisfactory  results  by  filtration ;  more- 
over, while  the  water  supplied  to  the  high-service  system  might  be  filtered 
and  supplied  to  the  pumps,  as  at  present,  by  gravity,  pumping  might  be  nec- 
essary in  order  to  supply  the  low-service  system  under  satisfactory 
pressure,  on  account  of  the  loss  of  head  in  the  process  of  filtration. 

Another  method  by  which  a  water  of  satisfactory  quality  might  be 
obtained  would  be  to  extend  the  present  intake  pipes  around  Little  South 
Pond  to  connect  with  Great  South  Pond,  making  it  possible  to  draw  water 
from  either  source  independently  by  closing  the  connection  between  the 
ponds.  While  it  does  not  appear,  from  the  limited  number  of  examina- 
tions thus  far  made,  that  Uroglena  has  ever  been  present  in  the  water  of 
Great  South  Pond,  it  cannot  be  predicted  that  the  organism  may  not 
appear  in  the  future  in  this  source  as  well  as  in  Little  South  Pond,  and  at 
the  same  time.  It  is  not  certain,  therefore,  that  a  water  of  satisfactory 
qoality  would  be  obtained  by  this  method  at  all  times. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  have 
IQ  investigation  made,  to  determine  whether  it  is  feasible  to  obtain  a  satis- 
factory ground- water  supply  from  the  vicinity  of  Little  South  Pond  in 
connection  with  your  present  works,  taking  into  consideration  the  necessity 
of  keeping  the  water  from  exposure  to  light. 

Before  deciding  to  introduce  a  ground-water  supply  from  the  vicinity  of 
Little  South  Pond,  it  is  desirable  that  you  determine  whether  the  capacity 
of  the  present  sources  is  sufficient  for  a  considerable  time  in  the  future. 
If  the  capacity  of  present  sources  exceeds  but  little  the  present  consump- 
tion of  water  by  the  town,  it  will  probably  be  best  to  consider  also  the 
question  of  an  additional  supply,  in  connection  with  the  question  of  obtain- 
ing a  water  of  better  quality. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to 
improving  the  quality  of  your  water  supply  when  you  have  additional  infor- 
mation to  present. 


Kevebe  Water  Company.  The  Revere  Water  Company  applied 
to  the  Board,  Nov.  9,  1895,  for  its  advice  relative  to  increasing 
their  water  supply  by  taking  the  water  of  a  branch  of  Crystal  Brook, 
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which  flows  from  Castle  Hill  in  Saugus,  and  also  as  to  the  quality 
of  the  brook  which  flows  past  the  pumping  station  in  Cliftondale. 

A  subsequent  application  was  made,  Feb.  20,  1896,  for  the 
advice  of  the  Board  relative  to  taking  an  additional  supply  from 
wells  in  the  valley  of  the  same  brook,  at  its  junction  with  Crystal 
Brook,  near  the  corner  of  Main  and  Harvard  streets  in  Saugus. 

Boston,  March  6,  1896. 

On  Nov.  9,  1895,  the  State  Board  of  Health  received  from  you  an 
application  with  reference  to  the  use  of  water  for  the  supply  of  the  towns 
of  Revere  and  Winthrop  from  the  tributary  of  Crystal  Brook,  flowing  from 
the  vicinity  of  Castle  Hill  in  Saugus,  and  from  the  brook  flowing  past  your 
present  pumping  station  at  Cliftondale.  You  propose  to  use  the  water 
during  the  winter  season,  and  to  allow  the  ground  water  of  your  present 
sources  to  accumulate  for  use  in  the  summer  season.  Subsequently,  a 
further  request  was  received  for  advice  as  to  procuring  an  additional 
supply  from  wells  at  a  point  in  the  town  of  Saugus  near  the  corner  of 
Main  and  Howard  streets,  which  is  in  the  valley  of  Crystal  Brook,  near  the 
point  where  it  is  joined  by  the  brook  flowing  from  Castle  Hill. 

The  towns  of  Revere  and  Winthi^op  are  included  in  the  metropolitan 
water-supply  district,  works  for  the  supply  of  which  are  now  being  con- 
structed, but  it  is  not  expected  that  these  works  will  be  in  operation  for 
two  years. 

The  water  of  the  wells  at  Revere  has  always  been  hard,  but  in  the  last 
three  years,  owing  to  an  excessive  drought,  has  been  affected  in  an  increas- 
ing degree  by  the  infiltration  of  sea  water,  and  it  is  desirable  to  avoid  the 
use  of  this  water  entirely  for  the  present.  If  pumping  from  these  wells  is 
avoided,  the  water  will  probably  return  to  its  former  condition,  but  it  is 
uncertain  how  long  a  time  it  will  require.  Under  the  circumstances,  an 
additional  temporary  supply,  capable  of  yielding  about  500,000  gallons  per 
day  during  the  months  from  June  to  September,  inclusive,  and  a  less 
amount  in  other  months,  is  needed. 

The  Board  has  caused  an  investigation  of  the  proposed  sources  of  supply 
to  be  made  by  its  engineers,  and  samples  of  the  water  of  the  brooks  men- 
tioned in  the  application  to  be  analyzed. 

While  the  water  of  all  of  the  brooks  is  colored  to  a  greater  or  less  degree 
by  contact  with  vegetable  matter  in  swamps,  if  the  water  were  safe  for 
drinking,  it  would  undoubtedly  be  much  more  satisfactory  for  domestic  use 
than  the  water  of  your  wells  at  Revere,  in  its  present  condition.. 

The  watersheds  of  both  of  the  main  tributaries  of  the  brook  flowing  past 
the  pumping  station  at  Cliftondale  contain  a  large  population,  and  the 
danger  of  pollution  entering  the  stream  from  this  population  makes  the 
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water  of  these  brooks,  and  consequently  of  the  main  brook,  as  a  whole, 
unsafe  for  drinking.  The  watershed  of  the  tributary  of  Crystal  Brook, 
flowing  from  the  vicinity  of  Castle  Hill,  contains  a  smaller  population  per 
square  mile  than  the  others,  but  the  danger  of  the  pollution  of  the  water 
from  this  population  is  such  that  this  brook  also  must  be  considered  unsafe 
for  drinking. 

With  regard  to  your  second  question,  as  to  the  ad\4sability  of  procuring 
an  additional  supply  of  water  from  wells  near  the  corner  of  Main  and 
Howard  streets,  in  the  valley  of  Crystal  Brook,  in  Saugus,  no  definite  ad- 
vice can  be  given,  in  the  absence  of  any  tests  to  indicate  the  probable 
quantity  and  quality  of  ground  water  to  be  obtained  there.  While  Crystal 
Brook  would  not  be  a  suitable  source  from  which  to  take  directly  a  supply 
of  water  for  drinking,  the  use  of  water  drawn  from  wells  in  the  valley  of 
the  brook  as  a  temporary  source  of  supply  would  not  necessarily  be  objec- 
tionable ;  and  it  may  be  said  that  the  general  conditions  for  obtaining  an 
additional  supply  of  water  appear  to  be  more  favorable  in  the  valley  of  this 
brook  than  elsewhere  in  the  vicinity  of  your  present  works. 

The  Board  would,  therefore,  advise  that  an  investigation  be  made,  with 
a  view  to  determining  the  probable  quantity  and  quality  of  water  to  be  ob- 
tained from  the  ground  in  the  valley  of  Crystal  Brook  in  the  vicinity  of 
Howard  and  Main  streets  in  Saugus. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to 
this  source  when  you  have  additional  information  to  present. 

It  has  not  been  considered  necessary,  within  the  scope  of  this  communi- 
cation, to  consider  the  provisions  of  chapter  400  of  the  Acts  of  1898. 

Sheffield.  The  Sheffield  Water  Company  applied  to  the  Board, 
April  17,  1896,  for  its  advice  with  reference  to  taking  the  water  of 
the  brook  flowing  from  Three  Mile  Pond  as  a  source  of  public 
water  supply.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  June  6,  1896. 
The  State  Board  of  Health  has  considered  your  application  relative  to  a 
proposed  water  supply  for  Sheffield,  to  be  taken  from  the  brook,  flowing 
from  Three  Mile  Pond,  known  as  Iron  Work  Brook,  and  has  caused  an 
exammation  of  the  proposed  source  to  be  made  by  one  of  its  engineers, 
^d  samples  of  the  water  to  be  analyzed. 

The  chemical  analyses  show  that  the  water  is  hard,  and  has  a  high  color 
probably  during  most  of  the  year ;  and,  while  it  is  probable  that  a  suffi- 
cient supply  for  the  town  could  be  obtained  from  this  som'ce,  the  water 
cannot  be  regarded  as  of  satisfactory  quality  for  the  purposes  of  a  public 
water  supply. 
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In  reply  to  your  application  of  last  year,  for  advice  with  reference  to  the 
use  of  water  from  springs  in  the  valley  of  Pool  Brook,  the  Board  stated 
that  it  regarded  this  source  as  an  appropriate  one  from  which  to  take  a 
supply  of  water  for  the  town.     A  second  examination  of  the  water  of  this 
source,  by  means  of  a  chemical  analysis  in  May  of  the  present  year,  tends 
to  confirm  the  opinion  expressed  last  year,  —  that  the  water  of  the  springs 
is  soft,  and  of  excellent  quality  for  the  purposes  of  a  public  water  supply- 
Judging  from  present  information,  it  does  not  appear  to  the  Board  that 
there  would  be  any  material  difference  in  the  cost  of  works  for  taking 
water  from  either  of  the  sources  proposed ;  and,  considering  the  excellent 
quality  of  the  water  of  the  springs  in  the  vicinity  of  Pool  Brook,  the  Board 
regards  this  source  as  the  more  appropriate  one  from  which  to  take  a 
supply  of  water  for  Sheffield. 


SwAMPSCOTT.  The  Marblehead  Water  Company  applied  to  the 
Board,  Aug.  1,  1896,  for  its  advice  relative  to  an  increase  of  their 
water  supply  by  taking  water  from  the  ground  in  the  neighbor- 
hood of  Thompson's  Meadow  in  the  north  part  of  Salem,  near  the 
boundary  line  between  Salem  and  Swampscott.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Sept.  3,  1896. 

The  State  Boaixi  of  Health  has  considered  your  application  for  advice 
with  reference  to  an  additional  water  supply  for  Swampscott  and  Nahant, 
to  be  taken  from  the  ground  in  the  vicinity  of  Thompson's  Meadow,  so 
called,  situated  in  the  southerly  portion  of  Salem,  very  close  to  the 
boundary  line  between  Salem  and  Swampscott,  and  has  caused  an  exam- 
ination of  the  proposed  source  of  supply  to  be  made,  and  samples  of  the 
water  from  test  wells  in  the  meadow  to  be  analyzed.  The  analyses  show 
that  the  water  is  somewhat  hard,  but  is  otherwise  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  Whether  it  will  remain  so  if  water 
is  pumped  continuously  from  the  ground  here  for  a  long  time  cannot  be 
foretold  with  certainty  from  a  single  examination. 

Information  furnished  by  you  as  to  the  character  of  the  soil  found  in 
driving  the  test  wells  indicates  that  a  layer  of  gravel  from  18  to  24  feet  in 
thickness  was  found  in  all  of  the  wells,  at  a  considerable  depth  beneath  the 
surface,  from  which  water  could  be  pumped  with  freedom  by  a  hand  pump. 
These  conditions  are  favorable  to  obtaining  water  freely  from  the  ground 
here  by  means  of  wells.  On  the  other  hand,  the  extent  of  the  meadow 
is  limited,  and  the  land  surrounding  it  contains  a  large  amount  of  ledge. 
With  these  conditions,  and  in  the  absence  of  a  suitable  pumping  test  from 
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wells  in  the  meadow,  it  is  not  practicable  to  advise  you  definitely  with 
regard  to  the  quantity  of  water  to  be  obtained  from  this  source. 

In  Tiew  of  the  poor  quality  of  the  water  now  drawn  from  the  wells  in 
the  valley  of  Stacy's  Brook,  and  the  need  of  an  additional  water  supply, 
the  Board  regards  the  proposed  locality  as  a  suitable  place  in  which  to 
seek  an  additional  supply  of  water.  The  Board  would  advise,  however, 
that,  before  building  all  of  the  works  for  taking  a  supply  from  this  source, 
you  put  in  the  necessary  wells  and  connect  them  to  a  temporary  pump,  and 
test  them  by  pumping  continuously  for  a  period  of  at  least  two  weeks,  dur- 
ing dry  weather,  in  order  to  obtain  more  definite  information  as  to  the 
probable  yield  of  the  wells  than  is  possible  at  present.  It  would  also  be 
well  to  have  samples  of  the  water  collected  at  various  times  during  the 
test,  to  determine  what  change,  if  any,  takes  place  in  its  quality. 

The  Board  will  assist  you  by  making  such  further  analyses  of  water  as 
may  be  necessary,  and  will  give  you  further  advice  with  reference  to  this 
matter,  if  you  desire,  when  you  have  additional  information  to  present. 

Another  application  was  received  from  this  company,  Oct.  24, 
1896,  after  trials  had  been  made  relative  to  the  capacity  of  the  pro- 
posed wells  for  supplying  water.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  Nov.  5, 1896. 
The  State  Board  of  Health  received  from  you,  on  October  24,  a  second 
application  with  reference  to  a  proposed  water  supply  to  be  taken  from  the 
ground  in  Thompson's  Meadow,  in  which  you  state  that  additional  wells 
have  been  driven  in  this  locality,  and  a  pumping  test  made  by  pumping 
from  the  wells  for  a  period  of  twelve  days  continuously,  except  for  short 
intermissions,  aggregating  in  all  about  one  and  a  half  hours,  at  a  rate  of 
nearly  200,000  gallons  per  day. 

Samples  of  water  collected  and  sent  in  by  you  during  this  test  have  been 
analyzed  by  the  Board,  with  the  result  that  the  quality  of  the  water  shows 
no  material  change  from  the  quality  of  samples  taken  from  test  wells  in 
Angnst,  and  in  its  present  state  is  excellent  for  the  purposes  of  a  public 
water  supply. 

With  regard  to  the  quantity  of  water  to  be  derived  from  wells  in  this 
k)cality,  the  tests  thus  far  made  are  not  conclusive ;  but,  considering  the 
character  of  the  land  about  the  meadow  and  of  the  meadow  itself,  it  seems 
to  be  very  doubtful  whether  this  source  can  be  depended  upon  to  furnish 
enough  water  for  the  needs  of  Swampscott  and  Nahant  at  all  times.  Tak- 
ing into  account,  however,  the  favorable  results  of  the  tests  thus  far  made 
*8  to  the  quality  of  the  water,  the  comparative  economy  of  this  source  on 
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account  of  its  nearness  to  the  present  distributing  system,  as  compared 
witli  any  other  source  from  which  it  is  at  all  probable  that  a  satisfactory 
supply  can  be  obtained,  and  the  desirability  of  avoiding,  so  far  as  possible, 
the  use  of  water  from  your  present  wells  in  the  vicinity  of  Stacy's  Brook, 
the  Board  is  of  the  opinion  that  this  source  is  a  proper  one  from  which  to 
take  water  for  Swampscott  and  Nahant,  at  the  present  time. 

In  locating  works  for  collecting  ground  water,  it  is  desirable  that  they 
be  extended  through  the  meadow  sufficiently  to  secure  as  great  a  quantity 
of  water  as  possible  from  the  ground.     If,  upon  actual  trial,  it  shall   be 
found  that  the  yield  of  this  source  is  likely  to  be  too  small  for  the  towns  of 
Swampscott  and  Nahant  at  all  times,  it  is  very  desirable  that  you  continue 
your  investigations,  with  the  object  of  securing  a  permanent  supply  of 
water  of  good  quality  and  in  sufficient  quantity  to  make  it  possible  to  dis- 
continue the  use  of  water  from  your  present  wells,  which  are  not  satis- 
factory for  a  domestic  water  supply,  being  located  in  territory  containing 
a  large  and  rapidly  growing  population,  and  a  portion  of  them   being 
apparently  affected  to  a  considerable  degree  by  the  presence  of  sea  water. 

UxBBiDGE.  The  selectmen  and  board  of  health  of  Uxbridge, 
acting  conjointly,  applied  to  the  State  Board  of  Health,  April  28, 
1896,  for  its  advice  relative  to  the  quality  of  the  water  of  a  well  in 
that  town,  proposed  as  an  auxiliary  source  of  public  water  supply 
for  the  town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Jalj  3,  1896. 

The  State  Board  of  Health  has  carefully  considered  your  application  of 
April  2S^  1896,  for  advice  with  reference  to  the  quality  of  the  water  of  a 
well  in  the  Capron  mill  yard,  which  it  is  understood  you  propose  to  use  as 
an  auxiliary  source  of  water  supply  for  Uxbridge. 

The  Board  has  caused  an  analysis  of  a  sample  of  water  from  this  well  to 
be  made,  recently,  and,  taking  the  results  of  this  analysis  in  connection 
with  the  results  of  analyses  made  in  previous  years,  it  is  found  that  the 
water  varies  greatly  in  character  from  time  to  time. 

Under  the  most  favorable  conditions,  when  little  or  no  water  has  been 
drawn  from  the  well  for  a  long  time,  the  quality  of  the  water  is  not  objec- 
tionable for  the  purposes  of  a  public  water  supply. 

All  the  analyses  show  that  the  water  had  previously  been  polluted  and 
subsequently  purified  in  a  large  degree  in  its  passage  through  the  ground  to 
the  well,  but  some  of  the  analyses  show  the  presence  of  a  very  large 
amount  of  free  ammonia  in  the  water,  indicating  that  at  such  times  the 
water  entering  the  well  is  not  thoroughly  purified. 

There  is  reason  to  expect,  therefore,  that,  if  water  is  pumped  from  this 
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source  in  such  quantity  as  would  probably  be  necessary  for  the  supply  of 
the  town,  imperfectly  purified  water  from  the  sewage-polluted  sources  in 
the  vicinity  may  enter  the  wells,  and  under  the  circumstances  the  Board 
does  not  consider  this  well  a  safe  source  of  domestic  water  supply. 


Ware.  The  water  commissioners  of  Ware  applied  to  the  Board, 
ilay  27,  1896,  for  its  advice  relative  to  the  quality  of  the  public 
water  supply,  in  consequence  of  the  appearance  at  times  of  a  con- 
siderable amount  of  organic  matter  in  the  water.  The  Board  re- 
plied to  this  application  as  follows  :  — 

Boston,  July  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  quality  of  the  water  of  your  present  water  supply, 
and  has  caused  an  examination  of  your  works  to  be  made,  and  samples  of 
the  water  to  be  analyzed. 

The  analyses  show  that  the  water  as  it  comes  from  the  ground  is  color- 
less and  free  from  taste  and  odor,  and  contains  only  an  insignificant  amount 
of  organic  matter.     The  water  of  your  distributing  reservoir,  on  the  other 
hand,  contains  at  times  a  large  amount  of  organic  matter,  and  microscopi- 
cal analyses  show  that  it  contains  large  numbers  of  organisms  which  impart 
to  the  water  a  disagreeable  taste  and  odor.     Complaints  as  to  the  character 
of  the  water  supplied  to  consumers  are  doubtless  due  to  the  deterioration 
of  the  water  stored  in  your  distributing  reservoir,   and   the  annoyance 
caused  by  the  presence  of  minute  organisms  in  this  water.     The  sample  of 
material  collected  from  a  faucet  and  sent  in  by  you  was  probably  composed 
of  some  of  the  larger  organisms  which  are  developed  in  the  distributing 
reserN'oir. 

The  remedy  for  the  trouble  with  the  water  is  to  keep  it  from  exposure  to 
ligbt  from  the  time  it  is  drawn  from  the  ground  until  it  is  delivered  to  the 
consumers.  To  accomplish  this,  it  will  be  necessary  to  cover  the  present 
distributing  resei'voir  or  build  a  new  covered  reservoir  or  tank. 

There  is  no  reason  to  think  that,  if  the  quality  of  the  water  of  your 
present  sources  remains  as  good  as  at  present,  it  will  support  any  growth 
that  will  cause  the  water  to  deteriorate  if  kept  entirely  from  exposure  to 
light. 

Wellesley.  The  water  supply  committee  of  Wellesley  applied 
to  the  Board,  May  15,  1896,  for  advice  relative  to  certain  plans 
proposed  by  the  committee  for  increasing  its  water  supply  and  pro- 
tecting the  present  sources  from  pollution.  The  Board  replied  as 
follows :  — 
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Boston,  June  4,  1896. 
The  State  Board  of  Health  received  from  you  on  May  15  an  application 
for  advice  with  reference  to  increasing  the  water  supply  of  the  town  ancl 
protecting  the  punty  of  the  present  supply.     You  request,  in  particular, 
advice  with  reference  to  the  following  matters :  — 

1.  The  curtailment  of  waste. 

2.  The  construction  of  a  number  of  low  dams  to  hold  back  the  water  of 

Rosemary  Brook,  with  the  hope  of  increasing  the  yield  of  the 
present  sources  by  filtration  from  the  brook  into  the  well  and 
filter  gallery. 

3.  The  taking  of  water  directly  from  Rosemary  Brook  as  an  additional 

supply. 

4.  The  constraction  of  a  filter  gallery  or  system  of  tubular  wells  in  the 

valley  of  Rosemary  Brook,  west  of  Cedar  Street  and  north  of 
Worcester  Street,  above  your  present  works. 

5.  The  necessity  of  preventing  the  pollution  of  Rosemary  Brook  and 

its  tributaries. 

6.  The  removal  of  a  small  factory  and  buildings  south  of  the  driveway 

from  Cedar  Street  to  the  pumping  station. 

7.  The  purchase  of  land  south  of  the  pumping  station. 

In  connection  with  the  question  of  constructing  a  filter  gallery  or  system 
of  tubular  wells  in  the  valley  of  Rosemary  Brook,  above  your  present  works, 
you  submit  a  plan  showing  the  location  of  test  wells,  and  samples  of  the 
soil  from  these  wells  collected  in  1892. 

With  reference  to  the  first  question,  —  the  curtailment  of  waste,  —  the 
Board  is  informed  that,  notwithstanding  the  fact  that  water  is  generally 
supplied  through  meters  to  consumers  in  the  town,  only  about  fifty  per 
cent,  of  the  water  pumped  is  accounted  for.  The  consumption  of  water 
per  inhabitant  in  Wellesley  in  189$  amounted  to  42  gallons,  which  is  not 
excessive,  as  compared  with  the  consumption  in  other  towns  similarly  situ- 
ated. If,  however,  the  consumption  of  water,  as  shown  by  your  pumping 
records,  could  be  reduced  one-half,  there  would  be  a  saving  in  the  cost  of 
pumping,  and  the  necessity  for  an  additional  supply  might  not  appear  for 
a  time.  It  is,  therefore,  desirable  that  an  investigation  be  made,  to  deter- 
mine whether  a  large  quantity  of  water  is  lost  by  leakage  or  otherwise,  and 
whether  this  loss  can  be  prevented. 

Judging  from  your  experience  last  year,  when  dams  were  constructed 
upon  Rosemary  Brook,  in  the  vicinity  of  your  present  sources,  it  appears 
that  a  considerable  increase  in  the  quantity  of  water  entering  the  well  and 
filter  gallery  was  obtained  by  the  construction  of  these  dams.  It  is  prob- 
able also  that  in  previous  years,  before  the  construction  of  these  dams,  a 
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portion  of  the  water  entering  your  present  sources  was  derived  by  filtration 
from  the  brook.  Analyses  of  samples  of  the  water  of  the  well  and  filter 
gallery  have  been  made  from  time  to  time  by  the  State  Board  of  Health, 
and  its  quality  has  apparently  always  been  satisfactory.  The  well  and 
filter  gallery,  however,  are  both  situated  close  to  the  brook,  and  the  chief 
danger  from  increasing  the  quantity  filtering  from  the  brook  is  that  some 
of  the  water  may  pass  too  directly  through  the  ground  into  the  filter  gallery 
or  well,  and  not  become  satisfactorily  purified  in  its  passage.  In  some 
cases  water  taken  from  sources  situated  as  yours  are  has  continued  to  be 
satisfactory  for  many  years,  while  in  others,  after  a  longer  or  shorter  period 
of  use,  the  quality  of  the  water  has  deteriorated,  owing  to  the  imperfect 
filtration  of  the  water  from  the  stream  or  pond  near  by.  Increasing  the 
height  of  the  water  in  Rosemary  Brook  by  means  of  dams  will  tend  to 
cause  the  water  to  filter  more  rapidly  through  the  ground,  thereby  produc- 
ing conditions  more  favorable  to  imperfect  filtration. 

With  reference  to  the  use  of  water  taken  directly  from  Rosemary  Brook 
for  the  supply  of  the  town,  and  the  necessity  of  preventing  the  pollution  of 
Rosemary  Brook  and  its  tributaries,  the  Board  has  caused  an  examination 
of  this  brook  to  be  made  by  one  of  its  engineers,  ahd  finds  that  it  is  ex- 
posed to  direct  sewage  pollution  from  factories  and  dwelling-houses  on  its 
banks,  and  to  pollution  from  farms  and  cultivated  lands  upon  its  water- 
shed, and  is,  therefore,  a  dangerous   source   from  which  to  take  water 
directly  for  domestic  purposes,  and  such  water  should  not  be  distributed 
to  your  people.     The  watershed  of  the  brook  drains  a  part  of  the  villages 
of  Needham  and  Highlandville,  and  the  population    upon  it  is  likely  to 
increase  rapidly  in  the  future,  so  that  it  would  not  be  possible,  without 
excessive  care,  to  prevent  the  pollution  of  the  stream.     Nevertheless,  in 
view  of  the  nearness  of  your  present  well  and  filter  gallery  to  the  brook,  it 
is  desirable  that  it  be  kept  free  from  pollution,  as  far  as  is  practicable. 

An  examination  of  the  results  obtained  from  test  wells  driven  in  the 
valley  of  Rosemary  Brook,  west  of  Cedar  Street,  and  north  of  Worcester 
Street,  in  1892,  does  not  indicate  that  the  conditions  are  favorable  to 
obtaming  a  large  amount  of  water  from  the  ground  there.  South  of  Wor- 
cester Street  the  results  of  investigations  were  more  favorable,  judging 
from  the  samples  of  material  submitted.  The  tests  appear  to  have  been 
confined  to  the  vicinity  of  the  north-westerly  shore  of  Longfellow's  Pond, 
and  it  is  possible  that  better  conditions  could  be  found  near  the  upper  end 
of  the  pond  and  in  the  valley  of  the  brook  above,  where  the  character  of 
the  surface  indicates  that  the  soil  may  be  more  porous. 

The  information  available  to  the  Board  is  not  sufi9cient  to  enable  it  to 
advise  you  definitely  at  present  with  reference  to  the  best  method  of  in- 
^^i^eaamg  the  water  supply  of  Wellesley.     The  town  is  growing  rapidly,  and 
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in  the  selection  of  an  additional  water  supply  provision  should  be  made  for 
a  large  increase  in  the  consumption  of  water  in  the  future.  The  examina- 
tions thus  far  made  in  the  valley  of  Rosemary  Brook,  above  your  present 
sources  of  supply,  by  means  of  test  wells,  have  been  unfavorable  to 
obtaining  a  large  increase  in  your  present  supply  here;  but,  as  already 
stated,  the  conditions  appear,  from  surface  indications,  to  be  somewhat 
more  favorable  farther  up  the  valley,  and  it  is  possible  that  a  large  addition 
to  your  present  supply  can  be  obtained  in  this  region. 

It  is  to  be  considered,  however,  that  the  population  in  the  valley  of  Rose- 
mary Brook  is  already  large,  and  may  increase  rapidly  in  the  future,  owing 
to  its  nearness  to  the  metropolitan  district;  and,  before  deciding  upon  a 
plan  for  increasing  the  water  supply  of  Wellesley  by  the  construction  of 
further  works  in  this  valley,  the  question  of  the  feasibility  of  obtaining  a 
supply  of  water  for  domestic  purposes  here  that  can  be  maintained  in  a 
satisfactory  condition  for  a  reasonable  time  in  the  future,  without  excessive 
cost,  should  be  carefully  considered.  It  is  also  very  important,  before 
deciding  definitely  as  to  a  source  of  additional  water  supply,  that  you 
determine  the  feasibility  and  probable  cost  of  obtaining  a  supply  from,  or 
in  connection  with,  the  metropolitan  district. 

The  presence  of  a  small  factory  and  other  buildings  between  Cedar 
Street  and  the  wells  south  of  the  driveway  from  Cedar  Street  to  the 
pumping  station  does  not  appear  to  be,  under  present  conditions,  a  serious 
menace  to  the  quality  of  your  water ;  and  the  removal  of  these  buildings 
is  not  essential,  if  means  are  taken  to  prevent  sewage  from  polluting  the 
stream  or  from  getting  into  the  ground,  and  so  passing  to  the  filter  gallery 
or  well. 

With  reference  to  the  advisability  of  purchasing  any  of  the  land  lying 
east  of  Cedar  Street,  south  of  the  pumping  station,  it  may  be  said  that,  if 
water  from  this  territory  finds  its  way  into  your  present  sources  of  supply, 
it  is  desirable  that  the  land  be  owned  and  controlled  by  the  town.  It  is  not 
feasible  to  determine  how  much  of  this  land  it  is  desirable  for  the  town  to 
control,  except  by  experiment. 

In  conclusion,  the  Board  would  advise  that  you  have  the  whole  subject 
of  your  present  and  future  water  supply  thoroughly  examined  by  a  compe- 
tent engineer,  to  determine  what  measures  are  necessary  to  pix>tect  the 
purity  of  your  present  sources  of  supply,  and  the  most  appropriate  source 
from  which  to  take  an  additional  supply. 

The  Board  will,  upon  application,  advise  you  further  in  this  matter  when 
you  have  the  results  of  further  investigations  to  present. 

Williamsburg.  The  selectmen  of  Williamsburg  applied  to  the 
Board,  Feb.  11,  189G,  for  its  advice  relative  to  a  water  supply  for 
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the  town  to  be  taken  from  the  East  Branch  of  Mill  River..    The 
Board  replied  to  this  application  as  follows  :  — 

Boston,  Oct.  1,  1896. 
The  State  Board  of  Health  has  carefully  considered  your  application 
with  reference  to  a  proposed  water  supply  for  Williamsburg,  to  be  taken 
from  the  East  Branch  of  the  Mill  River,  upon  which  it  is  proposed  to  con- 
stnict  a  small  reservoir  above  the  village,  and  has  caused  an  examination 
of  the  proposed  source  to  be  made  by  one  of  its  engineers,  and  samples  of 
the  water  to  be  analyzed. 

About  three-fourths  of  a  mile  up  stream  from  the  place  where  it  is  pro- 
posed to  locate  the  reservoir  the  East  Branch  is  joined  by  Bradford  Brook, 
and  at  the  point  of  junction  the  two  streams  have  nearly  equal  watersheds. 
These  streams  will  furnish  by  far  the  greater  portion  of  the  water  which 
will  enter  the  proposed  reservoir,  and  samples  from  each  of  them,  collected 
at  different  seasons  of  the  year,  have  been  analyzed  with  a  view  to  com- 
paring the  quality  of  the  water. 

The  water  of  the  East  Branch  above  the  Bradford  Brook  is  soft,  has  very 
little  color,  and  contains  a  small  amount  of  organic  matter  for  a  surface 
water.  The  water  of  Bradford  Brook,  on  the  other  hand,  is  hai*der,  and  has 
at  times  considerable  color,  and  contains  a  greater  amount  of  organic  matter. 
The  quahty  of  the  water  of  the  proposed  reservoir  would  be  somewhat 
better  than  the  Bradford  Brook  water,  but  not  so  good  as  the  water  of  the 
East  Branch,  above  Bradford  Brook. 

The  watershed  above  the  proposed  reservoir  contains  a  considerable 
nuinber  of  farmhouses,  though  the  population  per  square  mile  is  small. 
SeTeral  of  the  buildings  are  located  near  the  streams,  particularly  in  the 
Bradford  Brook  watershed,  and  provision  will  have  to  be  made  to  prevent 
sewage  from  these  houses  entering  the  streams  and  polluting  tiie  water 
Mpplied  to  the  town.  In  the  watershed  of  the  East  Branch,  above  Brad- 
ford Brook,  the  houses  are  more  remote  from  the  stream  than  in  the 
Bradford  Brook  watershed,  and  the  population  per  square  mile  is  consid- 
wably  smaller. 

Considering  all  the  circumstances,  therefore,  a  more  satisfactory  supply 
for  the  town  could  be  obtained  by  taking  water  from  the  East  Branch, 
above  the  Bradford  Brook,  than  at  the  point  proposed. 

With  regard  to  the  quantity  of  water  that  would  be  furnished  by  the 
East  Branch,  below  Bradford  Brook,  it  may  be  said  that  the  indications  are 
^t  the  quantity  would  be  ample  at  all  times  for  the  supply  of  Williams- 
^fg.  It  is  also  probable  that  an  ample  supply  would  be  obtained  by 
^*^^  water  from  the  East  Branch,  above  the  Bradford  Brook ;  and,  in  case 
^  additional  supply  should  be  needed  at  any  time,  provision  might  be 
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made  for  drawing  water  from  Bradford  Brook  in  emergencies.  The  cost 
of  taking  a  supply  from  the  East  Branch,  above  the  junction  of  Bi'adford 
Brook,  would  probably  be  somewhat  greater  than  at  the  place  proposed,  in 
the  application ;  but,  in  view  of  the  better  quality  of  the  water,  and  the 
less  number  of  dwellings  and  their  distance  from  the  stream,  the  Board 
would  advise  the  town  to  take  its  supply  from  the  East  Branch,  above 
Bradfoixi  Brook,  rather  than  at  the  point  proposed. 

WoBURN.  The  water  commissioners  of  Woburn  applied  to  the 
Board,  April  30,  1896,  for  its  advice  in  regard  to  the  existence  of 
a  disagreeable  taste  and  odor  in  the  public  water  supply.  The 
Board  replied  to  the  application  as  follows :  — 

Boston,  Jane  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  disagreeable  taste  and  odor  in  the  water  supply  of  the 
city,  and  has  caused  an  examination  of  your  distributing  reservoir  to  be 
made,  both  when  the  reservoir  was  full  and  after  the  water  had  been  com- 
pletely drawn  off. 

Frequent  chemical  analyses  of  the  water  of  your  filter  gallery  for  several 
years  have  shown  that  the  water  is  colorless  and  free  from  taste  and  odor, 
and  contains  very  little  organic  matter,  while  microscopical  examinations 
show  that  the  water  is  practically  free  from  vegetable  or  animal  organisms. 
Examinations  of  the  water  of  the  distributing  reservoir,  on  the  other  hand, 
have  shown  that  the  water  contains  at  times  a  large  amount  of  oi^anic 
matter,  and  often  large  numbers  of  vegetable  organisms  which  impart  to 
the  water  a  disagreeable  taste  and  odor. 

These  organisms  may  grow  as  abundantly  and  affect  the  quality  of  the 
water  as  seriously  in  the  colder  months  of  the  year  as  in  the  warmer 
months.  There  is  no  doubt  that  the  disagreeable  taste  and  odor  com- 
plained of  in  the  water  supply  of  the  city  of  Woburn  is  due  to  the  pres- 
ence of  these  organisms  in  the  distributing  reservoir. 

It  has  been  well  known  for  many  years  that  a  ground  water  deteriorates 
on  exposure  to  light  in  an  open  reservoir,  such  as  that  in  use  at  Woburn, 
and  experience  has  clearly  shown  that  the  remedy  for  this  trouble  is  to 
keep  the  water  from  exposui*e  to  light  from  the  time  it  comes  from  the 
ground  until  it  reaches  the  consumer.  To  accomplish  this  in  the  case  of 
the  Woburn  water  works,  it  will  be  necessary  either  to  cover  the  present 
distributing  reservoir  or  to  build  a  new  covered  reseiToir  or  tank,  which 
may  be  of  comparatively  small  capacity  and  sufficient  only  for  ordinary 
purposes,  if  the  present  reseiToir  is  kept  for  use  in  emergencies. 

There  is  no  reason  to  think  that,  if  the  quality  of  the  water  of  your 
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present  filter  gallery  remains  as  good  as  at  present,  it  will  support  any 
growth  that  will  cause  it  to  deteriorate,  if  kept  entirely  from  exposure  to 
light. 

Sewtirage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
1896,  in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Agawam.  The  selectmen  of  Agawam  applied  to  the  Board, 
June  10,  1896,  for  its  advice  relative  to  the  disposal  of  sewage 
from  a  proposed  sewer  for  the  village  of  Mittineague,  into  the 
Westfield  River.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  July  3,  1896. 
The  State  Board  of  Health  received  from  you,  on  June  8,  an  application 
for  advice  with  reference  to  the  disposal  of  the  sewage  of  a  portion  of  the 
village  of  Mittineague,  situated  in  the  northerly  part  of  Agawam,  by  dis- 
charging it  without  treatment  into  the  Westfield  River.  The  application 
was  accompanied  by  a  plan  showing  three  possible  outlets  of  the  proposed 
sewer,  two  of  which  are  into  the  tail-race  leading  from  the  Worthy  Paper 
Company,  and  a  third  into  the  Westfield  River,  about  100  feet  below  the 
outlet  of  the  tail-race. 

The  Board  has  carefully  considered  your  application,  and  has  caused  an 
examination  of  the  locality  to  be  made  by  one  of  its  engineers,  and  con- 
cludes that  the  disposal  of  the  sewage  of  this  village  by  discharging  it 
untreated  into  the  Westfield  River  is  permissible  for  the  present. 

The  sewage  should  not  be  dischai^ed  into  the  tail-race,  because  at  times 
when  the  mill  is  not  running  there  is  no  flow  of  water  in  the  tail-race,  and 
the  discharge  of  sewage  into  it  would,  under  these  conditions,  cause  a 
nuisance. 

In  dischai^ng  the  sewage  into  the  river,  the  Board  advises  that  the  out- 
let of  the  sewer  be  carried  well  out  into  the  stream,  so  that  floating  matters 
from  the  sewage  may  not  lodge  on  the  shore  in  the  vicinity  of  the  outlet. 

Attleborough.  a  communication  was  received  from  the  Board 
of  Health  of  Attleborough,  Aug.  29,  1896,  stating  that  they  had 
^'cceived  a  petition  from  citizens  of  Attleborough,  remonstrating 
^inst  the  discharge  of  sewage  from  that  town  into  Ten  Mile 
Kver,  at  the    same   time  requesting  the  Board  *'to  examine  the 
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locality,  and  oflTer  suggestions  as  to  a  remedy."     The  Board  replied 
to  this  letter  as  follows  :  — 

Boston,  Oct.  1^  1896. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made  by  one 
of  its  engineers,  and  finds  that  the  sewer  in  question  discharges  into  the 
river  just  below  the  bridge  at  County  Street,  and  that  there  is  another 
sewer  from  Attleborough,  discharging  into  the  river  about  4,000  feet 
further  down  stream.  The  lower  sewer  outlet  is  located  just  above  the 
Dodgeville  mill  pond,  which  is  said  to  give  off  very  offensive  odors  at  times. 
There  are  several  other  mill  ponds  upon  the  stream  below. 

From  information  furnished  by  you,  it  is  learned  that  these  sewers  were 
originally  constructed  for  surface  drainage  only,  and  you  estimate  that  the 
sewage  from  about  3,500  people  is  now  disposed  of  by  discharging  it 
directly  into  the  river  through  these  sewers.  The  Board  is  also  informed 
that  large  quantities  of  ice  are  harvested  from  the  mill  pond  below  the 
sewer  outlets,  and  that  the  river  is  used  as  a  direct  source  of  water  supply 
by  the  town  of  East  Providence,  in  Rhode  Island,  situated  a  little  less  than 
ten  miles  below  Attleborough. 

The  discharge  of  sewage  from  3,500  people  into  a  stream  of  the  size  of 
the  Ten  Mile  River  would  inevitably  produce  a  nuisance,  and  the  condition 
of  the  mill  pond  below  the  sewer  outlets  will  grow  rapidly  worse,  owing  to 
the  decomposition  of  organic  matter  deposited  from  the  sewage  upon  the 
bottom  and  sides  of  the  pond.  Extending  the  sewers  to  a  point  of  dis- 
charge further  down  the  stream  would  simply  transfer  the  nuisance  to 
another  locality.  The  only  way  by  which  the  nuisance  can  be  avoided  is 
by  discontinuing  the  discharge  of  unpurified  sewage  into  the  river.  The 
disposal  of  sewage  by  the  present  method  is  not  only  a  nuisance  to  the  in- 
habitants of  Attleborough,  but  is  contrary  to  existing  laws,  and  is  a  source 
of  great  danger  to  those  using  ice  and  water  from  the  rK^er  below  Attle- 
boi'ough. 

Under  the  circumstances,  the  Board  considers  it  very  important  that 
a  proper  method  of  sewage  disposal  be  adopted,  and  put  in  practice 
without  delay.  The  Boanl  is  prepared  to  assist  you  in  this  matter,  if 
you  desire,  by  advising  you  with  reference  to  any  plans  that  you  may 
wish  to  submit  to  it  providing  for  the  disposal  of  the  sewage  of  Attle- 
borough. 

Brockton.  The  mayor  of  Brockton  applied  to  the  Board,  Sept. 
22,  1896,  for  its  advice  relative  to  plans  for  the  drainage  of  two 
small  districts  in  Brockton.  The  Board  replied  to  this  application 
as  follows :  — 


No.  34.]         ADVICE  TO  CITIES  AND  TOWNS.  51 

Boston,  Sept.  24, 1896. 
The  SUte  Board  of  Health  has  carefully  considered  the  plans  presented 
by  you  for  the  approval  of  this  Boaixi,  under  the  provisions  of  chapter  309 
of  the  Acts  of  1889,  providing  for  the  drainage  of  two  small  disti-icts  in 
the  city  of  Brockton,  —  one  known  as  the  Weston  Street  district  and  the 
other  as  the  Battles  Street  district,  —  and  hereby  approves  the  plans  for 
the  said  drainage  systems.  , 

Brockton.  The  city  engineer  of  Brockton  applied  to  the  Board, 
Sept.  14,  1896,  requesting  the  opinion  of  the  Board  relative  to  the 
propriety  of  fertilizing  the  growing  crops  upon  its  sewage  disposal 
areas  "with  frequent  doses  of  sewage."  To  this  application  the 
Board  replied  as  follows  :  — 

Boston,  Oct.  2, 1896. 
In  reply  to  your  letter  of  September  14,  asking  the  opinion  of  this 
Board  as  to  the  propriety  of  using  the  growing  crops  on  your  sewage 
fields  as  food  for  human  beings,  the  Board  instructs  me  to  say  that  in  its 
opinion  no  harm  can  arise  from  the  use  of  such  vegetables  as  are  cooked 
before  being  used,  and  such  grain  and  other  products  used  for  food  which 
cannot  come  in  actual  contact  with  sewage. 

Danvers.  The  board  of  health  of  Danvers  applied  to  the  State 
Board,  Feb.  7,  1896,  for  its  advice  relative  to  the  disposal  of  the 
sewage  of  certain  morocco  shops  in  that  town.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  July  22,  1896. 
The  State  Board  of  Health  received  from  you  on  Feb.  7, 1896,  an  appli- 
cation for  advice  with  reference  to  the  disposal  of  the  manufacturing 
sewage  from  the  morocco  shops  or  tanneries  in  Danvers  which  is  now 
discharged  into  Crane's  River,  in  which  you  state  that  you  have  under 
consideration  a  plan  providing  for  the  discharge  of  the  sewage  into  two 
large  settling  tanks,  through  which  you  propose  to  cause  the  sewage  to 
flow  slowly,  thereby  allowing  the  heavier  matters  to  settle,  and  to  discharge 
the  effluent  into  the  stream ;  and  you  request  advice  as  to  whether,  by  this 
method,  if  the  tanks  are  frequently  cleaned  out,  the  difficulty  of  the  pres- 
ent system  of  disposal  would  not  be  largely  overcome. 

Since  the  application  was  received  the  Board  has  been  investigating  the 
character  of  this  sewage,  and  conducting  experiments  with  a  view  to  sug- 
gestmg  a  practicable  method  of  disposing  of  it  in  such  a  manner  as  to 
prevent  further  objectionable  pollution  of  the  stream  and  mill  pond.  While 
these  investigations  have  not  yet  been  carried  far  enough  to  enable  the 
Board  to  advise  you  definitely  as  to  a  method  of  finally  disposing  of  sewage 
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of  this  character,  the  results  thus  far  obtained  indicate  that  it  will  probably 
be  feasible  to  dispose  of  it  by  some  method  of  filtration  after  the  greater 
portion  of  the  suspended  matter  has  been  removed.  It  has  been  found,  ia 
the  course  of  the  investigations,  that  much  of  the  suspended  matter  in  the 
sewage  settles  out  readily  upon  allowing  it  to  remain  practically  undiB- 
turbed,  and  experiments  at  the  factory  indicate  that  somewhat  more  thaa 
half  of  the  putrescible  organic  matter  can  be  removed  from  the  sewage  by 
allowing  it  to  stand  for  a  period  of  about  two  hours. 

In  view  of  the  desirability  of  keeping  as  much  organic  matter  as  possi- 
ble out  of  the  stream,  and  of  the  probable  necessity  for  the  use  of  settling 
tanks  in  connection  with  any  method  of  disposal  that  is  likely  to  be 
adopted,  the  Board  advises,  as  the  first  step  in  overcoming  the  objection- 
able condition,  that  you  construct  settling  tanks  of  sufficient  capacity  to 
allow  the  sewage  to  settle  for  a  period  of  two  hours,  if  it  shall  be  found 
upon  examination  that  the  tanks  can  be  operated  satisfactorily  by  gravity. 

Investigations  as  to  the  quantity  of  sewage  discharged  from  the  tanner- 
ies and  the  rate  of  flow  indicate  that  the  rate  is  quite  regular,  and  that  the 
quantity  averages  about  20,000  gallons  per  hour  during  working  hours. 
In  order  to  allow  this  quantity  of  sewage  to  settle  for  a  period  of  approxi- 
mately two  hours,  settling  tanks  having  a  larger  capacity  than  those  pro- 
posed by  you  will  be  necessary. 

In  order  to  obtain  the  full  benefit  that  may  be  derived  from  the  use  of 
settling  tanks,  it  is  essential  that  all  of  the  sewage  now  discharged  into  the 
brook  be  collected  and  conveyed  to  the  tanks,  and  that  the  tanks  be 
cleaned  out  frequently.  Once  in  two  days  may  be  often  enough,  though 
it  may  become  necessary  to  clean  them  out  daily,  so  that  their  capacity 
may  not  be  greatly  reduced,  and  the  length  of  time  allowed  for  sedimenta- 
tion materially  shortened  by  allowing  the  sediment  to  accumulate  to  a 
considerable  depth  in  their  bottoms.  The  tanks,  therefore,  should  be  so 
located  and  arranged  that  the  supernatant  liquid  may  be  drawn  off  when 
necessary,  and  the  sludge  readily  removed  at  frequent  intervals.  The 
tanks  should  also  be  designed  with  a  view  to  the  possible  necessity  of 
pumping  the  supernatant  liquid  to  a  place  of  disposal,  if  this  should  sub- 
sequently be  found  necessary. 

With  properly  designed  tanks,  operated  with  care,  a  very  large  portion 
of  the  suspended  matters  which  constitute  much  of  the  total  putrescible 
organic  matters  in  the  sewage  can  be  prevented  from  entering  the  pond. 

The  quantity  of  sludge  to  be  removed  will  be  large,  but  not  so  great  that 
it  cannot  be  removed  in  carts  without  special  difficulty.  The  so-called 
odorless  carts  may  be  best  adapted  to  the  purpose.  The  sludge  can  be 
disposed  of  upon  filter  beds  not  far  from  the  factory,  where  areas  well 
suited  to  the  purpose  can  be  found. 
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The  Board  woald  advise  that  the  work  of  designing  the  tanks  and  of 
preparing  the  areas  for  the  disposal  of  the  sludge  be  committed  to  an 
engineer  of  experience  in  matters  relating  to  sewage  disposal. 

An  examination  of  the  condition  of  the  mill  pond  and  the  character  of 
the  nuisance  caused  by  it  shows  that  the  bottom  and  sides  of  the  pond, 
especially  near  its  upper  end,  are  covered  with  organic  matter  from  the 
sewage,  and  at  times  when  these  areas  are  uncovered  the  odor  from  them 
is  very  offensive.  When  the  pond  is  full  and  these  areas  are  covered  with 
water,  it  appears  that  the  nuisance  is  much  less  serious. 

In  view  of  this  condition,  and  of  the  probability  that,  even  if  the  dis- 
charge of  sewage  into  the  pond  should  be  wholly  prevented  at  once,  there 
would  still,  for  a  considerable  time,  be  a  serious  odor  from  these  areas 
when  exposed,  the  Board  would  suggest  that  you  consider  the  feasibility 
of  obtaining  control  of  the  mill  privilege  at  the  outlet  of  the  pond,  and  of 
keeping  the  pond  full  at  all  times. 

The  Board  will  again  communicate  with  you  with  regard  to  this  matter 
when  the  results  of  further  investigations  now  being  made  are  available. 

Danvers  Lunatic  Hospital.  The  trustees  of  the  Danvers 
Lunatic  Hospital  applied  to  the  Board  for  its  advice,  Sept.  27, 
1895,  relative  to  a  plan  for  disposing  of  the  sewage  of  the  hospi- 
tal by  precipitation  with  chemicals,  followed  by  filtration  through 
a  small  area  of  coke.  This  application  was  withdrawn,  Oct.  28, 
1895,  and  afterward  resubmitted,  with  modified  plans.  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  May  7,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  system  of  purification  for  the  sewage  of  the  Danvers 
Lunatic  Hospital,  the  essential  features  of  which  are  a  precipitating  tank, 
in  which  it  is  proposed  to  precipitate  the  solid  matters  of  the  sewage  by  the 
tpplication  of  chemicals,  and  a  filter  bed  composed  of  coke,  having  an 
*rea  of  about  a  quarter  of  an  acre  and  a  depth  of  three  feet,  through  which 
it  w  proposed  to  filter  the  sewage  after  it  passes  through  the  precipitating 
tanks. 

The  quantity  of  water  used  for  the  supply  of  the  hospital  is  from 
100,000  to  125,000  gallons  per  day,  and,  assuming  that  this  represents 
approxunately  the  amount  of  sewage  to  be  disposed  of,  the  rate  of  filtra- 
tion through  the  coke  filter  would  be  about  500,000  gallons  per  acre  per 
^J-  The  sewage  from  the  hospital  appears  to  be  quite  dilute,  judging 
from  ibe  results  of  an  analysis  made  by  the  Board,  and  if  the  usual  per- 
centage of  organic  matter  should  be  removed  by  chemical  precipitation,  it 

• 

^  possible  that  for  a  time,  with  great  care  in  the  management  of  the  filter. 
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a  large  percentage  of  the  remaining  organic  matter  would  be  removed  from 
the  sewage  by  the  proposed  filter;  but  it  is  probable  that,  in  order  to 
purify  the  sewage  satisfactorily,  the  size  of  the  filter  would  have  to  be 
considerably  enlarged. 

The  disposal  of  the  sewage  of  the  hospital  by  this  plan  would  involve  a 
very  great  expense  both  for  construction  and  maintenance,  as  compared 
with  the  disposal  of  the  sewage  on  land  if  an  area  suitable  for  the  purpose 
can  be  found  within  a  reasonable  distance  of  the  hospital. 

With  a  view  to  learning  whether  there  is  any  such  land  in  the  vicinity  of 
the  hospital,  the  Board  has  caused  a  general  examination  of  this  territory 
to  be  made  by  one  of  its  engineers,  and  finds  that  there  is  a  considerable 
area  of  sandy  land,  situated  on  the  south-westerly  side  of  West  Street, 
between  the  street  and  the  Ipswich  River,  a  little  over  half  a  mile  from 
the  hospital  buildings,  portions  of  which  appear  to  be  well  adapted  for  the 
purification  of  sewage  by  intermittent  filtration ;  moreover,  the  situation  of 
this  area  is  such  that  sewage  can  probably  be  conveyed  to  it  by  gravity  at 
a  small  expense  from  your  present  sewage  carriers,  which  are  at  present 
laid  to  within  about  1,000  feet  of  this  area. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  have 
an  investigation  made,  to  determine  the  feasibility  of  disposing  of  the 
sewage  of  the  institution  upon  this  area  by  intermittent  filtration ;  and  the 
Board  will,  upon  application,  advise  you  further  with  regard  to  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

Metropolitan  Sewerage  Commission.  An  application  was  re- 
ceived from  the  Metropolitan  Sewerage  Commission,  Oct.  9,  1895, 
under  the  provisions  of  chapter  406  of  the  Acts  of  1895,  for  the 
approval  of  the  Board  of  a  system  of  sewage  disposal  for  a  district 
lying  partly  in  the  city  of  Boston  and  the  towns  of  Milton,  Hyde 
Park  and  Dedham,  in  the  valley  of  the  Neponset  River,  and  for 
a  portion  of  Newton  and  the  town  of  Brookline  lying  in  the 
valley  of  the  Charles  River.  The  Board  replied  to  this  application 
as  follows :  — 

Boston,  Feb.  18, 1896. 
The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  system  of  sewage  disposal  for  that  portion  of  the  city 
of  Boston  and  the  towns  of  Milton,  Hyde  Park  and  Dedham  lying  within 
the  valley  of  the  Neponset  River,  and  portions  of  the  city  of  Newton  and 
the  town  of  Brookline  lying  within  the  valley  of  the  Charles  River.  The 
application  is  accompanied  by  a  plan  and  profiles  and  a  report  of  your 
engineer,  giving  details  of  the  proposed  scheme  approved  and  adopted  by 
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your  Board,  in  accordance  with  a  provision  of  cliapter  406  of  the  Acts 
of  1895. 

The  plan  provides  for  a  main  sewer  from  a  point  on  Worley  Street,  near 
TTeld  Street,  in  the  West  Roxbury  district  of  the  city  of  Boston,  through 
various  streets  and  private  lands  to  the  bank  of  the  Charles  River,  a  short 
distance  above  the  Brookline  water  works  pumping  station ;  thence  in  the 
vicinity  of  the  right  bank  of  the  Charles  River  and  along  the  left  bank  of 
Mother  Brook  and  the  Neponset  River  to  the  Dorchester  intercepting  sewer 
of  the  city  of  Boston  at  Central  Avenue  in  Dorchester.     The  capacity  of 
the  latter  sewer  is  limited  by  a  section  below  Baker's  Court  in  Dorchester, 
which  has  a  capacity  of  only  about  20  cubic  feet  per  second ;  and  it  is 
estimated  that  the  capacity  of  this  sewer,  if  the  sewage  of  the  Neponset 
valley  is  discharged  into  it,  will  be  attained  about  the  year  1905.     To  pro- 
vide for  the  disposal  of  the  sewage  after  this  date  two  methods  are  sug- 
gested, by  either  of  which  the  sewage  in  the  Neponset  intercepting  sewer 
would  be  diverted  at  a  point  on  River  Street,  Hyde  Park,  about  500  feet 
below  the  Mattapan  paper  mill,  and  conveyed  by  gravity  either  to  the 
Boston  main  drainage  sewer  at  Squantum  or  an  independent  outlet  at  Nut 
Island  in  Quincy.     With  this  end  in  view,  the  Neponset  intercepting  sewer 
has  been  designed  with  a  capacity  above  the  point  of  diversion  estimated 
to  be  sufficient  for  the  probable  needs  of  the  valley  until  1930,  while  below 
this  point  the  capacity  is  proportioned  to  that  of  the  limiting  section  of  the 
Dorchester  intercepting  sewer,  estimated  to  be  sufficient  until  1905. 

In  designing  the  Boston  main  drainage  system  it  was  anticipated  that  the 
sewage  from  the  higher  portions  of  the  district  bounded  by  the  Charles 
^Ter,  Mother  Brook  and  the  Neponset  River  could  be  at  some  future  time 
intercepted  by  a  ''  high- level'*  sewer  and  conveyed  to  Squantum  by  gravity, 
thus  afifording  relief  to  the  pumping  station  and  tunnel  when  the  flow  of 
sewage  shall  tax  their  capacity ;  and  provision  was  made,  in  the  construc- 
tion of  the  works,  for  the  connection  of  such  a  sewer  with  the  outfall 
works  at  Squantum  and  Moon  Island.     Your  investigations  indicate  that  a 
feasible  route  for  this  sewer  can  be  found,  which  would  intercept  the  pro- 
posed Neponset  valley  sewer  at  the  point  where  its  size  is  reduced,  on 
River  Street  in   Hyde  Park.     Your  investigations  also  indicate  that  a 
feasible  route  for  an  intercepting  sewer  from  this  point  to  Nut  Island  may 
also  be  found.     With  regard  to  disposing  of  the  sewage  in  the  future  by 
either  of  these  methods  the  Board  can  express  no  opinion,  with  the  infor- 
mation available  at  the  present  time,  and  you  have  verbally  requested  that 
the  consideration  of  these  matters  be  omitted.     The  Board  has  accordingly 
considered  only  that  portion  of  your  application  which  refers  to  the  dis- 
posal of  the  sewage  of  the  Neponset  valley  by  means  of  the  proposed 
sewer  shown  on  the  plan  contained  in  the  seventh  annual  report  of  your 
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Board,  opposite  page  38,  which  provides  for  the  discharge  of  the  sewsLge 
into  the  Dorchester  intercepting  sewer  at  Central  Avenue  in  Dorchester. 

With  regard  to  this  portion  of  the  scheme,  the  Board  finds  that  the  pro- 
posed sewer  will  provide  a  satisfactory  means  of  disposal  for  the  sewage  of 
the  territory  in  the  Charles  and  Neponset  valleys  which  it  is  estimated  to 
serve,  probably  until  about  the  year  1905,  if  care  is  taken  in  the  construc- 
tion of  the  main  sewer  and  tributary  systems  to  exclude  surface  and 
ground  water  from  the  sewers  so  far  as  possible,  and  if  the  amount  of 
manufacturing  sewage  is  restricted  by  preventing  the  discharge  into  the 
sewer  of  water  from  manufacturing  establishments  that  can  be  properly 
discharged  into  natural  water  courses. 

The  size  of  the  proposed  sewer  above  the  point  where  it  is  expected  that 
the  sewage  will  be  diverted  at  some  future  time  appears  to  be  sufficient  to 
make  a  reasonable  provision  for  a  population  as  great  as  may  be  expected 
to  be  connected  with  this  portion  of  the  system  in  1930,  so  far  as  can  be 
judged  by  present  indications.  The  size  of  the  sewer  below  the  point 
where  it  is  expected  that  the  sewage  of  the  Neponset  intercepter  may  be 
diverted  is  such  as  to  serve  the  low  districts  in  Dorchester  and  Milton  for 
many  years  after  the  sewage  of  the  upper  portion  of  the  system  is  diverted. 

The  Board  approves  the  plan  of  disposing  of  the  sewage  of  the  Nepon- 
set valley  by  discharging  it  into  the  Dorchester  intercepting  sewer  of  the 
city  of  Boston,  but  expresses  no  opinion  as  to  the  most  appropriate 
method  of  disposal  to  adopt  after  the  capacity  of  this  sewer  is  reached. 
The  increase  in  the  amount  of  sewage  to  be  disposed  of  by  the  Boston 
main  drainage  system  will  necessitate  before  long  the  enlargement  of  the 
reservoir  capacity  at  Moon  Island,  and  the  necessity  for  enlargement  will 
be  hastened  by  the  addition  of  the  Neponset  valley  sewage. 

It  is  understood  that  the  sewerage  systems  to  be  connected  with  the 
Neponset  valley  sewer  shall  be  constructed  upon  the  so-called  ' '  separate  " 
plan,  and  that  no  sewage  overflows  will  be  used  in  connection  with  the 
main  sewer  or  tributary  systems. 

On  March  18,  1896,  the  Metropolitan  Sewerage  Commission 
again  wrote  to  the  Board,  as  follows  :  — 

110  BoTLSTON  Street,  Boston,  March  18,  1896. 
Gentlemen:  —  In  your  reply  of  Feb.  18,  1896,  to  our  application  for 
approval  of  plans  for  sewage  disposal  for  Neponset  River  valley,  at  the 
close  you  say:  ''It  is  understood  that  the  sewerage  system  to  be  con- 
nected with  the  Neponset  valley  sewer  shall  be  constructed  upon  the 
so-called  '  separate '  plan,  and  that  no  sewage  overflows  will  be  used  in 
connection  with   the   main   sewer  or    tributary   systems."      As   we  are 
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iDformed  and  understand,  you  do  not,  by  the  use  of  the  words  ''  no  sewage 
orerflowB  will  be  used,"  etc.,  intend  to  prohibit  or  prevent  the  constnic- 
tion  of  such  provision  for  temporary  overflows  as  it  would  seem  necessaiy 
should  be  provided  for  use  in  case  of  accident  or  necessity  of  repair  of 
tnmk  sewer.  Unless  we  hear  from  you  to  the  contrary,  we  shall  proceed 
to  construct  the  main  trunk  sewer  and  approve  local  connections  therewith, 
making  and  requiring  such  provision  for  such  overflows  similar  to  those 
provided  and  required  in  the  Charles  River  and  north  metropolitan  systems, 
to  be  used  only  in  case  of  emergency. 

Very  respectfully  yours. 

For  the  Board, 
(Signed)         Edward  P.  Fisk,  Clerk. 


The  Board  of  Health  replied  to  this  letter  as  follows :  — 

Boston,  March  26,  1896. 
The  State  Board  of  Health  received  from  you,  on  March  18,  a  commu- 
B\cation  with  reference  to  the  use  of  sewage  overflows  in  connection  with 
the  proposed  Neponset  valley  sewerage  system,  in  which  you  state  that 
unless  you  hear  from  the  Board  to  the  contrary  you  shall  proceed  to  con- 
struct the  main  trunk  sewer  and  approve  local  connections  therewith, 
making  and  requiring  such  provisions  for  such  overflows  similar  to  those 
pro\ided  and  required  in  the  Charles  River  valley  and  north  metropolitan 
systems,  to  be  used  only  in  case  of  emergency. 

The  plan  presented  by  you  for  an  intercepting  sewer  for  Neponset 
River  and  Mother  Brook  basins,  including  a  portion  of  the  Charles  River 
basin,  which  this  Board  approved  in  its  communication  dated  Feb.  18, 
1896,  did  not  contain  any  provision  for  sewage  overflows,  and  no  mention 
of  sewage  overflows  was  made  in  the  report  of  your  engineer  submitted 
with  the  application. 

Before  the  Board  can  approve  a  plan  providing  for  sewage  overflows,  it 
will  be  necessary  that  you  submit  a  plan  showing  the  location  of  the  pro- 
posed overflows,  with  a  description  of  the  proposed  method  of  constructing 
wd  operating  them. 

The  Sewerage  Conimission  again  wrote  to  the  Board,  April  18, 
1896,  as  follows  :  — 

110  BoTLSTON  Street,  Boston,  April  18,  1896. 
Gettleicen:  —  In  response  to  your  communication  of  March  26,  1896, 
stating  that  a  plan  will  be  required  showing  the  proposed  overflows  from 
the  Neponset  valley  intercepting  sewer,  with  a  description  of  method  of 
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construction  and  operation,  the  Board  desires  to  state  as  follows :  The 
Charles  River  system  has  been  operated  since  1892  as  a  branch  of  the 
Boston  main  drainage.  During  the  rainy  weather,  and  when  the  pumps 
are  not  in  operation,  the  trunk  sewer  of  the  Boston  system  has  been  sur- 
charged, flooding  the  Charles  River  branch,  and  requiring  the  construction 
and  maintenance  of  automatic  overflows  for  the  efficient  and  safe  operation 
of  the  system.  The  Board  has  deemed  it  expedient  to  require,  for  safety 
and  convenience  in  maintaining  and  repairing  the  sewer,  and  as  a  further 
safeguard  against  flooding  from  Boston's  system  that  cities  and  towns 
tributary  to  the  Charles  River  system  should  also  construct  and  maintain 
automatic  overflows  at  all  their  connections  from  areas  of  considerable 
size. 

The  Neponset  valley  intercepter,  like  the  Charles  River  main,  will,  when 
completed,  be  operated  as  a  branch  of  the  Boston  system ;  and  it  is  antic- 
ipated that  it  also  will  be  subject,  at  its  lower  end,  to  flooding  during  the 
surcharged  condition  of  the  Boston  trunk  sewer.  The  Board  is  of  the 
opinion  that  the  safe  operation  of  the  Neponset  branch  will  require  the 
following  overflows  from  the  main  sewer :  — 

First.  —  At  Granite  bridge,  Dorchester,  an  automatic  overflow  into  the 
tidal  currents  of  Neponset  River,  having  a  carrying  capacity  equal  to  the 
main  sewer  at  that  point. 

Second,  —  Near  Mill  Lane,  Dedham,  an  overflow  into  Mother  Brook, 
having  a  carrying  capacity  equal  to  the  main  sewer  at  that  point,  con- 
trolled by  a  Penstock  valve,  to  be  operated  by  hand,  and  only  when  the 
main  sewer  is  surcharged  at  that  point. 

Plans  of  the  proposed  overflows  are  submitted,  as  requested. 

For  convenience  and  safety  in  maintenance,  to  provide  against  possible 
accident  or  injury  to  the  main  sewer  or  flooding  at  low  levels  from  Boston 
main  sewer,  the  Board  is  of  the  opinion  that,  as  in  the  Charles  River 
branch,  automatic  safety  overflows  should  be  provided  from  all  local  con- 
nections receiving  drainage  from  ten  acres  or  more ;  such  overflows,  above 
East  Street,  Dedham,  to  be  permanently  sealed  off,  and  never  used  so  long 
as  the  Charles  River  and  its  shores  are  used  as  a  source  of  domestic  water 
supply. 

At  the  date  of  the  engineer's  preliminary  report  on  the  Neponset  valley 
sewer  the  Board  had  not  decided  to  acquire  the  Dorchester  intercepter  from 
Central  Avenue  to  Granite  bridge,  and  were  not  prepared  and  did  not  at 
that  date  ask  advice  in  the  matter  of  overflows  from  the  main  sewer.  With 
the  exception  of  Milton,  no  city  or  town  of  the  valley  above  Central 
Avenue  had  then  prepared  any  studied  scheme  for  its  local  connections, 
and  the  Board  were  equally  unprepared  to  ask  advice  at  that  date  in  the 
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matter  of  overflows  from  local  connections.  The  engineer  to  the  Board, 
after  conference  with  the  engineers  for  the  tributary  cities  and  towns,  has 
prepared  a  study  for  a  system  of  branches  for  local  connections,  which 
are  shown  on  the  accompanying  map,  subject  to  such  minor  modifications 
of  size,  location,  etc.,  as  may  necessarily  be  developed  during  the  more 
detailed  surveys  for  the  construction  of  local  sewers.  The  Board  desire  to 
approve  and  adopt  automatic  relief  overflows  at  all  the  connections  shown, 
with  the  understanding  that  such  as  are  above  East  Street,  Dedham,  shall 
not  be  opened  for  use  so  long  as  the  Charles  River  is  used  as  a  source  of 
water  supply  for  Brookline,  Newton  and  other  cities.  A  characteristic 
study  for  one  of  these  connections  is  submitted,  and  your  advice  and 
approval  is  asked  in  the  matter  of  overflows  from  the  main  sewer  and 
from  local  connections  as  outlined  above. 

Respectfully  submitted. 

For  the  Board, 
(Signed)         Edward  P.  Fisk,  Clerk, 

The  Board  of  Health  replied  to  this  application  as  follows  :  — 

Boston,  May  7, 1896. 
The  State  Board  of  Health  received  from  you,  on  April  18,  an  applica- 
tion for  approval  of  proposed  sewage  overflow?  in  connection  with  the 
proposed  Neponset  valley  intercepting  sewer,  accompanied  by  plans  show- 
ing the  location  of  proposed  overflows  from  the  main  sewer  and  tributary 
systems  and  designs  for  these  overflows.  Two  of  these  overflows  are  pro- 
posed for  the  discharge  of  sewage  from  the  main  intercepting  sewer,  and  it 
is  understood  that  the  others  are  automatic  overflows,  to  be  connected  with 
the  tributary  systems  near  their  junction  with  the  main  sewer,  by  which 
Bewage  from  the  tributary  sewers  may  be  discharged  into  local  water 
courses  when  the  sewage  in  the  intercepting  sewer  rises  to  a  certain  height. 
One  of  the  proposed  overflows  presented  by  you  is  located  upon  the  main 
Bcwer  at  Granite  bridge,  but,  since  this  is  below  the  portion  of  the  sewer 
to  which  the  reply  of  the  Boai*d  dated  February  18  was  limited,  at  your  re- 
quest, the  Board  has  omitted  the  consideration  of  this  overflow. 

It  is  stated  in  the  application  that  your  Board  ' '  desire  to  approve  and 
adopt  automatic  relief  overflows  at  all  connections  shown,  with  the  under- 
standing that  such  as  are  above  East  Street,  Dedham,  shall  not  be  opened 
for  use  so  long  as  the  Charles  River  is  used  as  a  source  of  water  supply  for 
Brookline,  Newton  and  other  cities."  As  the  discharge  of  sewage  into  the 
Charles  River  in  this  vicinity  is,  under  present  conditions,  prohibited  by 
^^1  this  Board  cannot  approve  any  overflows  upon  this  portion  of  the 
sewer  at  the  present  time.     The  overflows  under  consideration,  therefore, 
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are  those  included  on  the  main  sewer  and  tributary  systems,  between  the 
point  where  the  sewer  crosses  East  Street  in  Dedham  and  its  junction  ivith 
the  Dorchester  intercepting  sewer  at  Central  Avenue,  Dorchester. 

By  the  existing  conditions,  sewage  from  all  overflows  in  this  district 
would  naturally  be  discharged  either  into  Mother  Brook  or  the  Neponsefc 
River,  or  tributaries  of  these  streams.     There  are  several  dams  along  Mother 
Brook  and  the  Neponset  River,  forming  mill  ponds  in  some  cases  of  con- 
siderable size,  and  all  of  the  proposed  overflows  would  be  above  one  or 
more  of  these  dams.     There  is  a  large  and  rapidly  growing  population  in 
the  vicinity  of  these  streams  and  their  tributaries,  and,  in  the  opinion  of 
the  Board,  it  is  desirable  that  these  streams  be  kept  free  from  pollution, 
and  that  the  discharge  of  sewage  into  them  be  prevented,  if  possible. 

Regarding  the  danger  of  the  proposed  main  sewer  and  tributary  systems 
becoming  surcharged  by  sewage  backing  up  from  the  Boston  system,  the 
Board  is  informed  that  by  existing  provisions  the  Dorchester  intercepting 
sewer  is  automatically  disconnected  from  the  Boston  main  drainage  sewer  at 
times  when  the  latter  is  surchai*ged,  and  provision  is  made  whereby  the 
Dorchester  intercepting  sewer  may  at  such  times  discharge  into  tide  water ; 
moreover,  according  to  the  plan  approved  by  this  Board  in  a  communica- 
tion to  your  Board,  dated  Feb.  18,  1896,  the  bottom  of  the  Neponset 
valley  sewer  at  its  lower  end  in  Central  Avenue,  Dorchester,  is  at  about 
grade  20,  or  several  feet  above  high  water.  It  does  not  seem  to  this 
Board  that  there  is  danger  that  the  Neponset  valley  sewer  may  be  sur- 
charged from  this  cause. 

Regarding  the  necessity  of  automatic  overflows  for  safety  and  con- 
venience in  maintaining  and  operating  a  separate  system  of  sewers,  much 
information  is  furnished  by  experience  in  the  operation  of  such  systems 
already  in  use  in  this  State.  A  number  of  such  systems  have  been  in 
successful  operation  in  some  cases  for  several  yeare  without  automatic 
overflows,  and  information  regarding  these  systems  indicates  that  the 
necessity  for  such  overflows  has  not  arisen. 

In  view  of  all  the  circumstances,  the  Board  declines  to  modify  its  ap- 
proval, under  date  of  Feb.  18,  1896,  of  a  system  of  sewage  disposal  for 
Neponset  River  valley  which  had  been  submitted  by  you,  by  adopting,  as  a 
part  of  that  plan,  the  plan  of  automatic  relief  overflows  proposed  in  your 
communication  of  April  18,  1896. 

It  is  possible  that  there  are  points  in  the  system  not  known  to  this  Board 
where  unusual  emergencies  may  occur,  and  where  safety  would  require  an 
outlet  gate  which  can  be  opened  temporarily ;  if  such  points  are  found  to 
exist,  this  Board  will  consider  plans  you  may  present  in  regard  to  them ; 
but  this  Board  is  desirous  to  avoid  discharging  sewage  above  any  of  the 
mill  dams  on  Neponset  River,  when  not  absolutely  necessary. 
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Metropolitan  Sewerage  Commission  (Dorchester  intercepting 
sewer).  The  sewer  commissioners  applied  to  the  State  Board  of 
Health,  IVIay  2,  1896,  for  the  approval  of  the  Board  of  the  taking 
of  a  part  of  the  Dorchester  intercepting  sewer  to  constitute  a  part 
of  the  sewerage  system  for  a  part  of  the  city  of  Boston  and  for  the 
towns  of  Dedham,  Hyde  Park  and  Milton.  The  Board  replied  to 
this  application  as  follows  :  — 

Boston,  June  6»  1896. 
The  State  Board  of  Health  has  considered  the  application  submitted  by 
you  on  May  4,  1896,  in  which  you  request  the  approval  by  this  Board  of 
the  taking  by  the  Metropolitan  Sewerage  Commissioners  of  the  portion 
of  the  Dorchester  intercepting  sewer  between  Central  Avenue  and  Granite 
Avenue,  in  Dorchester,  as  a  portion  of  the  proposed  Neponset  valley  sew- 
erage system,  provided  for  by  chapter  406  of  the  Acts  of  the  year  1895, 
and,  having  carefully  considered  the  plans,  hereby  approves  them  as  a  part 
of  the  system  of  sewage  disposal  for  the  Neponset  valley,  supplementary 
to  the  plans  already  approved  by  this  Board. 

Natick.  The  sewerage  committee  of  Natick  applied  to  the  State 
Board  of  Health,  July  1,  1896,  for  its  approval  of  a  system  of 
sewerage  and  sewage  disposal  being  constructed  for  the  town,  under 
the  provisions  of  chapter  459  of  the  Acts  of  1894.  The  Board 
replied  to  this  application  as  follows :  — 

Boston,  Sept.  3»  1896. 
The  application  was  accompanied  by  plans  showing  a  general  system  of 
sewerage  for  the  thickly  settled  portion  of  the  town,  and  a  main  sewer  lead- 
ing from  the  town  through  West  Central  Street  to  a  pumping  station 
located  on  the  northerly  side  of  the  street,  and  between  it  and  the  Boston 
&  Albany  Railroad  and  close  to  the  southerly  end  of  Lake  Cochituate. 
From  the  pumping  station  a  force  main  extends  across  the  railroad  and 
private  land  to  Speen  Street,  through  this  street  to  the  Worcester  turnpike, 
and  westerly,  along  the  turnpike,  to  a  place  of  disposal  upon  land  upon  the 
opposite  side  of  the  street  from  land  now  used  for  a  similar  purpose  by 
the  town  of  Framingham. 

The  proposed  filtration  area  indicated  upon  the  plans  contains  an  ai-ea  of 
57J  acres  of  land,  of  which  it  appears  that  74  acres  can  be  utilized  for 
sewage-disposal  purposes.  At  the  time  the  application  was  made  the  con- 
Btruction  of  the  system  had  nearly  been  completed. 

The  Board,  having  carefully  examined  and  considered  the  plans  sub- 
mitted, hereby  approves  the  system  of  sewerage  and  sewage  disposal, 
w  indicated  by  these  plans. 
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It  will  be  unnecessary  to  prepare  all  of  the  filter  beds  indicated  upon  the 
plan  at  the  present  time,  but  at  least  eight  of  these  beds  should  be  com- 
pleted eai'ly  in  1897,  to  provide  for  the  disposal  of  sewage  that  may  be 
expected  to  reach  the  beds  as  soon  as  the  sewers  now  constinicted  shall 
have  come  into  general  use,  and  additional  beds  may  then  be  prepared 
from  time  to  time  as  they  are  needed. 

Springfield.  The  mayor  of  Springfield  applied  to  the  Board, 
April  21,  1896,  for  its  advice  relative  to  the  construction  of  a  sewer 
for  a  certain  portion  of  the  city,  having  its  outlet  into  the  Con- 
necticut River  at  the  foot  of  Elm  Street.  The  Board  replied  to 
this  application  as  follows :  — 

Boston,  May  7,  1896. 
The  State  Board  of  Health  received  from  you,  on  April  21,  1896,  an 
application  with  reference  to  the  proposed  extension  of  the  Elm  Street 
sewer  to  the  bank  of  the  Connecticut  River,  and  the  construction  of  a  pipe 
to  discharge  the  dry-weather  flow  of  the  sewage  at  a  distance  from  the 
shore  of  the  river.  The  Board  finds  that  the  proposed  extension  appears 
to  be  adapted  to  disposing  of  the  dry- weather  flow  of  sewage  at  such  a 
distance  from  the  shore  that  it  is  not  likely  to  return  until  it  becomes  well 
diluted,  and  approves  the  disposal  of  the  sewage  from  this  sewer  by  the 
method  proposed.  As  in  the  case  of  the  plans  submitted  last  year,  the 
Board  advises  that  it  would  be  well  to  avoid  the  upturning  of  the  discharge 
pipe  at  the  end,  and  to  provide  a  free  outlet,  with  no  depressed  portion  of 
the  pipe  in  which  solids  from  the  sewage  may  be  deposited. 

Stockbridge.  An  application  was  received  from  the  sewerage 
committee  of  Stockbridge,  Nov.  27,  1896,  for  advice  relative  to  a 
proposed  system  of  sewerage  and  sewage  disposal  in  that  town. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Jan.  8,  1897. 

The  State  Boanl  of  Health  received  from  you,  on  Nov.  27,  1896,  an 
application  for  advice  with  reference  to  a  proposal  system  of  sewerage  and 
sewage  disposal  for  the  village  of  Stockbridge,  accompanied  by  a  plan 
showing  the  territory  which  it  is  intendeil  to  include  in  the  system  at  the 
present  time,  and  a  plan  of  a  proposed  filtration  area  near  the  Uousatonic 
River,  north-west  of  the  village.  Subse<iuently,  plans  were  received 
showing  the  locations  of  the  proposed  sewers  and  the  proposed  method  of 
preparing  the  filtration  area. 

The  Board  has  examined  the  plans  submitteil  and  has  caused  an  ex- 
amination of  the  locality  to  be  made  by  its  engineer,  and  samples  of  the 
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soil,  collected  from  test  pits  on  the  proposed  filtration  area,   to  be  an- 
alyzed. 

The  plans  show  that  it  is  feasible  to  collect  the  sewage  from  practically 
ill  of  the  village,  and  deliver  it  by  gravity  upon  the  filtration  area.  The 
exclusion  of  storm  water  from  the  sewers,  as  proposed,  is  very  desirable, 
since  smaller  sewers  will  be  required,  and  the  quantity  of  sewage  to  be 
purified  will  be  much  less  than  if  storm  water  should  be  admitted.  The 
proposition  to  place  underdrains  beneath  the  sewers  should  also  be  earned 
out,  for  the  same  reason. 

The  area  proposed  for  the  disposal  of  the  sewage  appears  to  be  the  most 
suitable  one  which  it  is  practicable  to  use  for  the  purpose  without  pumping, 
and  its  location  is  satisfactory  from  a  sanitary  point  of  view.     Examina- 
tions of  the  ground  where  the  filter  beds  ai-e  to  be  located,  by  means  of 
test  pits,  have  shown  that  beneath  a  layer  of  loam  and  soil  at  the  surface 
there  is  a  layer  of  sand  from  2  to  3  feet  in  thickness,  which,  if  properly 
onderdrained,  is  suitable  for  the  purification  of  sewage  by  filtration.     The 
depth  of  the  material  is  less  than  is  necessary  for  the  proper  filtration  of 
Ibe  sewage,  but  it  is  feasible  to  increase  the  depth,  as  proposed  in  the  plans 
submitted,  to  about  four  feet,  by  removing  the  soil  from  the  present 
surface  and  replacing  it  with  good  filtering  material  from  higher  land  in 
the  vicinity,  where  suitable  material  is  found.     The  depth  of  the  filters 
wUl  be  somewhat  less  than  is  desirable,  but  the  quality  of  the  filtering 
material  is  such  that  a  well-purified  efiSuent  can  be  obtained  from  the  pro- 
posed beds  with  reasonable  care  in  their  management. 

According  to  the  plan,  about  2.2  acres  of  filter  beds  can  be  prepared 
here,  and  a  further  area  of  a  little  over  an  acre  situated  near  the  river 
bank  can  be  utilized  by  means  of  trenches,  if  necessary,  though  the  quan- 
tity of  sewage  that  can  be  disposed  of  in  this  way  would  be  considerably 
less  per  acre  than  upon  the  filter  beds.     It  is  proposed  to  prepare  in  the 
beginning  four  of  the  filter  beds  shown  upon  the  plan,  aggregating  about 
1.5  acres  in  area,  and  this  area  should  provide  for  the  diposal  of  the 
sewage  of  the  present  village  for  several  years  after  sewers  are  introduced. 
On  account  of  the  comparatively  small  elevation  of  the  filter  beds  above 
the  level  of  the  water  in  the  river,  their  operation  may  be  interfered  with 
occasionally  by  freshets ;  but  no  serious  trouble  is  to  be  anticipated  from 
this  cause  if  no  change  is  made  such  as  would  permanently  raise  the  level 
of  the  water  in  the  river  above  its  level  as  found  at  the  time  of  the  surs^eys. 

Tauxton.  The  Board  received  an  application  from  the  sewer 
commissioners  of  Taunton,  Nov.  5,  1895,  for  advice  relative  to  the 
disposal  of  the*  sewage  of  Taunton  into  the  Taunton  River  without 
purification. 
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On  March  5  a  hearing  was  held  at  the  office  of  the  State  Board 
of  Health  pursuant  to  a  notice,  at  which  the  authorities  of  the  city 
*  of  Taunton  and  of  the  towns  of  Berkley,  Dighton  and  Somerset 
were  represented,  the  latter  being  opposed  to  the  disposal  of  crude 
sewage  of  the  city  into  the  Taunton  River.  The  hearing  was  con- 
tinued and  concluded  on  March  20,  and  on  March  24  the  Board  sent 
the  following  reply  to  the  sewer  commissioners  of  Taunton  :  — 

Boston,  March  24,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  the  disposal  of  the  sewage  of  the  city  of  Taunton,  and,  before 
advising  you  definitely  with  reference  to  the  most  appropriate  method  of 
disposing  of  the  sewage  of  the  city,  requests  that  you  furnish  an  alternative 
plan  for  the  disposal  of  the  sewage  by  filtration  through  sand  upon  a 
suitable  area  available  for  the  purpose. 


On  May  11  the  sewer  commissioners  replied,  suggesting  the 
purchase  of  a  certain  tract  or  tracts  of  land  in  Berkley,  near  the 
Taunton  River,  for  the  purpose  of  using  them  as  filtration  areas  for 
the  sewage  of  the  city.  To  this  application  the  Board  replied  as 
follows :  — 

Boston,  Jane  6,  1896. 

In  response  to  a  request  of  this  Board,  dated  March  24,  1896,  that  you 
submit  a  plan  providing  for  the  disposal  of  the  sewage  of  Taunton  on  land, 
thus  completing  the  plan  of  sewage  disposal  as  proposed  in  the  ^report 
accompanying  your  original  application,  this  Board  received  from  you,  on 
May  1 1 ,  a  communication  stating  that  you  proposed  to  use  land  boixlering 
on  the  Taunton  River,  opposite  Blake's  landing,  and  subsequently  i^eceived 
from  you  a  plan  of  the  land,  showing  its  outline  and  general  elevation 
above  high  water  in  the  river. 

The  Board  has  carefully  considered  the  plan  submitted,  and  has  caused 
an  examination  of  the  land  to  be  made  by  its  engineers,  and  samples  of 
the  soil  from  a  limited  number  of  test  pits  located  in  various  parts  of  the 
area  to  be  analyzed. 

These  examinations  indicate  that  there  is  an  area  of  about  55  acres  here 
having  a  sandy  soil,  which  is  situated  at  a  sufficient  elevation  above 
average  high  water  in  the  river  to  allow  for  underdrainage. 

The  information  furnished  by  the  limited  number  of  test  pits  indicates 
that  the  soil  of  this  area  is  generally  very  fine,  and  is  composed  of  layers 
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of  varying  degrees  of  fineness,  —  a  condition  which  would  be  unfavorable 
to  the  thorough  aeration  of  the  filter  beds.  A  portion  of  the  area,  amount- 
ing to  perhaps  a  third  of  the  whole,  contains  a  somewhat  coarser  sand, 
which  is  much  better  adapted  to  the  purification  of  sewage. 

The  area  as  a  whole  will  require  a  very  large  amount  of  preparation  in 
order  to  bring  it  into  suitable  condition  for  the  disposal  of  the  sewage  of 
Taunton  by  intermittent  filtration.     There  is  a  considerable  depth  of  loam 
upon  the  surface,  which  it  will  be  necessary  to  remove,  and  a  thorough 
system  of  underdrainage  will  be  required.     With  thorough  preparation  and 
proper  care  of  the  filter  beds,  however,  it  is  possible  that  the  sewage  of  the 
city  could  be  disposed  of  here  for  a  time,  unless  there  is  a  more  rapid  ex- 
tension of  the  sewerage  system  than  you  now  anticipate ;  but  the  cost  of 
preparing  the  filter  beds  would  be  very  large,  as  comp3.red  with  the  cost  of 
preparing  beds  for  this  purpose  where  the  material  is  coarse  and  porous ; 
and,  moreover,  it  does  not  appear  that  there  is  any  considerable  area  of 
land  in  the  immediate  vicinity  that  can  be  utilized  when  an  additional  area 
becomes  necessary.     The  material  found  in  test  pits  dug  in  the  smaller  lots 
sooth  of  this  area,  plans  of  which  were  subsequently  submitted,  was  found 
to  be  extremely  fine,  indicating  that  no  considerable  amount  of  sewage 
could  be  disposed  of  by  filtration  upon  these  lots. 

There  being  much  doubt  as  to  the  capacity  of  the  proposed  filtration 
&rea  for  the  disposal  of  the  sewage  of  the  city  of  Taunton  for  a  reasonable 
time  in  the  future,  and  considering  the  large  probable  cost  of  properly  pre- 
paring the  filter  beds,  it  seems  very  desirable  that  a  much  more  thorough 
investigation  be  made  of  that  part  of  your  proposed  plan  which  relates  to 
the  disposal  of  the  sewage  of  the  city  upon  land. 

In  view  of  all  the  circumstances,  the  Board  does  not,  at  present,  approve 
of  the  proposed  plan  for  the  disposal  of  the  sewage  of  Taunton,  but  ad- 
vises a  further  investigation  of  the  subject.  In  making  these  investi- 
gations, it  is  desirable  that  you  determine,  first,  whether  there  is  not  some 
suitable  area  within  the  limits  of  the  city  of  Taunton  upon  which  it  may  be 
feasible  to  dispose  of  the  sewage  by  intermittent  filtration  at  a  reasonable 
cost  If  such  an  area  cannot  be  found  within  the  limits  of  the  city,  ter- 
ritory outside  of  the  city  limits  should  be  considered,  with  a  view  to  dis- 
covering some  area  suitable  for  the  disposal  of  the  sewage,  which  would 
not  be  objectionable  if  used  for  this  purpose. 

Should  one  or  more  suitable  areas  be  found,  a  careful  estimate  should  be 
ni«de  of  the  probable  cost  of  preparing  filter  beds  and  disposing  of  the 
sewage  upon  them. 

The  Boai-d  will  assist  you,  so  far  as  it  can,  in  these  investigations,  if 
yon  desire,  and  will  make  such  examinations  of  filtering  materials  as  may 
be  necessary. 


66  STATE  BOARD  OF  HEALTH.         [Pub.  Doc- 

The  sewer  commissioners,  on  June  25,  submitted  a  further  plan 
for  filtering  the  sewage  of  the  city  on  land  above  the  city  and  near 
the  Taunton  River.  The  Board  replied  to  this  communication  as 
follows :  — 

Boston,  Jaly  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  June  26,  a  communi- 
cation setting  forth  in  a  general  way  a  proposed  system  of  sewerage  and 
sewage  disposal  for  the  city  of  Taunton,  accompanied  by  a  plan  showing 
a  location  for  a  pumping  station  on  the  north-easterly  side  of  the  New  Bed- 
ford branch  of  the  New  York,  New  Haven  &  Hartford  Railroad,  between 
Ingell  Street  and  the  Taunton  River,  and  a  line  of  force  main  leading  from 
the  pumping  station  to  a  filtration  area  situated  near  the  Taunton  River, 
about  a  mile  above  the  filter  basin  and  pumping  station  of  your  water 
works. 

A  plan  of  the  proposed  filtration  area  was  also  received,  showing  an  area 
of  65  acres,  situated  on  the  left  or  southerly  bank  of  the  river,  just  below 
the  point  where  it  is  joined  by  the  Cotley  River.  Other  areas  in  the  vicin- 
ity which  might  be  made  available  for  sewage-disposal  purposes  were 
indicated  by  your  engineer. 

By  the  present  plan,  it  is  understood  that  it  is  feasible  to  collect  at  the 
proposed  pumping  station  the  sewage  from  all  of  the  thickly  settled  por- 
tions of  the  city,  including  the  low  districts  near  the  river,  which  were 
omitted  from  the  system  proposed  by  the  previous  plan. 

The  Boai*d  has  caused  an  examination  of  the  proposed  filtration  area  to 
be  made,  and  samples  of  material  taken  from  test  pits  in  various  parts  of 
the  area  to  be  analyzed.  The  results  of  these  examinations  show  that  the 
material  is  for  the  most  part  well  suited  for  the  disposal  of  sewage  by 
intermittent  filtration,  and  there  are  other  areas  of  land  in  the  vicinity 
which  also  appear  to  be  composed  of  porous  material,  judging  from  the 
appearance  of  the  surface,  which  could  be  used  for  sewage-disposal  pur- 
poses if  necessary,  so  that  it  appears  that  a  sufi&cient  area  of  suitable  land 
could  probably  be  made  available  in  this  vicinity  for  the  disposal  of  the 
sewage  of  the  city  of  Taunton ;  but  the  situation  of  the  proposed  filtration 
area  near  the  river,  a  short  distance  above  the  filter  basin  of  the  Taunton 
water  works,  is  such  that  this  Board  cannot  approve  of  the  use  of  this 
area  for  sewage-disposal  purposes  so  long  as  the  efiSuent  mingled  with 
river  water  may  be  drawn  through  the  filter  basin  of  the  water  works  for 
supplying  the  city  with  drinking  water. 

On  August  18  the  sewer  commissioners  again  wrote  to  the  Board, 
proposing  to  build  a  drain  to  convey  the  effluent  away  from  the 
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water  works  to  a  point  farther  down  the  river,  and  to  construct  an 
imperrious  dam  between  the  filtration  area  and  the  river.  To  this 
communication  the  Board  replied  as  follows  :  — 

Boston,  Sept.  10, 1896. 
The  State  Board  of  Health  received  from  you,  August  20,  a  communica- 
tion stating  that  you  have  made  a  more  thorough  examination  of  the  pro- 
posed filtration  area  near  Williams  Street,  and  that  you  are  satisfied  that 
you  can  construct  filter  beds  in  such  a  manner  that,  by  building  a  drain 
from  the  filtration  area  to  the  Taunton  River,  about  2  miles  below  the 
water  works  pumping  station,  you  can  be  sure  that  none  of  the  eflfluent  can 
possibly  reach  the  basin  of  the  water  works.  You  propose  to  construct 
the  beds  and  to  dispose  of  all  of  the  drainage  from  the  filtration  area  in 
this  way.  You  state  that  an  examination  of  the  materials  near  the  bank 
of  the  river  along  the  filtration  area  shows  that  you  can  construct  an  im- 
pervious dam  at  this  place. 

Plans  showing  contour  lines  upon  the  proposed  filtration  area  and  the 
proposed  line  of  the  drain  from  the  area  to  the  Taunton  River,  with  profile, 
were  received  with  the  application. 

The  Board  has  considered  this  plan,  and  concludes  that,  if  all  of  the  efi^u- 
ent  can  be  removed  from  the  proposed  filtration  field  to  a  point  of  discharge 
in  the  Taunton  River  suflSciently  below  the  water  works  filter  basin  to  in- 
sure that  no  efiluent  can  be  drawn  into  the  basin,  and  if  the  proposed  dam 
can  be  so  constructed  as  to  prevent  eflfluent  or  unfiltered  sewage  from  en- 
tering the  river  otherwise  than  through  the  proposed  drain,  the  sewage  of 
the  city  of  Taunton  might  be  satisfactorily  disposed  of  upon  the  area  pro- 
posed; but  no  plans  are  furnished  to  show  the  method  by  which  it  is 
proposed  to  prevent  the  eflauent  from  reaching  the  river  opposite  the  filter 
beds.  The  Board,  therefore,  requests  that  you  submit  suflScient  details  of 
the  scheme  to  show  the  character  of  the  layers  of  material  at  the  site  of 
the  proposed  dam,  and  how  you  propose  to  construct  the  dam  to  make  it 
impervious,  and  what  method  will  be  adopted  to  prevent  accidental  over- 
flow of  the  sewage  from  the  filtration  area  into  the  river  above  the  water 
works  filler  basin.  It  is  desirable  also  that  you  show  the  character  of  the 
layers  of  material  underlying  the  proposed  filter  beds  and  the  plan  of  the 
proposed  underdrain  system. 

Van  Choate  Electric  Company  (Foxborough)  .  The  Van 
Choate  Electric  Company  of  Foxborough  submitted  to  the  Board 
for  its  approval,  March  7,  1896,  a  plan  of  sewage  disposal  for  their 
Victory,  having  an  outlet  into  a  tributary  of  Mumford  River.  The 
Board  replied  to  this  application  as  follows  :  — 
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Boston,  April  22, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  7,  an  applica- 
tion for  advice  with  reference  to  a  proposed  system  of  sewage  disposal  for 
the  works  of  the  Van  Choate  Electric  Company,  accompanied  by  a  plan  of 
a  proposed  settling  tank  and  filter,  having  an  outlet  into  a  small  brook,  a 
tributary  of  the  Mumford  River. 

The  essential  features  of  the  plan  are  a  settling  tank  for  the  removal  of 
suspended  matters  from  the  sewage  by  sedimentation,  and  a  filter  bed  75 
feet  in  length,  25  feet  in  width  and  4  feet  in  depth,  to  be  composed  of 
stones  and  coarse  gravel  held  between  stone  walls  laid  without  mortar, 
through  which  sewage  is  to  be  passed  laterally  from  an  inlet  chamber  along 
one  side  of  the  bed  to  an  efiSuent  chamber  on  the  opposite  side,  discharging 
thence  into  the  brook.  Sewage  is  to  enter  the  inlet  chamber  through  a 
pipe  4  feet  above  the  bottom  of  the  filter.  Fourteen  lines  of  4-inch  tile 
pipe  are  indicated  upon  the  plan  submitted,  running  from  the  inlet  chamber 
on  a  level  just  below  the  pipe  through  which  sewage  enters  it,  across  the 
filter,  and  terminating  in  the  stones  on  the  opposite  side.  It  is  proposed 
to  lay  these  pipes  with  open  joints,  so  that  when  sewage  flows  through 
them  it  may  find  an  outlet  into  the  filter  in  this  way.  It  is  understood 
that  as  many  as  3,000  operatives  may  be  employed  in  the  works  for  which 
this  system  of  sewage  disposal  is  proposed. 

The  Board  has  carefully  considered  the  plan  submitted,  and  finds  that  it 
would  be  impracticable  to  purify  the  sewage  from  any  considerable  number 
of  operatives  by  this  plan. 

The  attention  of  the  Board  has  been  called  to  a  filter  constructed  upon  a 
plan  similar  to  that  proposed  in  the  application  submitted  and  intended  to 
purify  the  sewage  of  a  factory  in  Norwood.  The  results  of  a  chemical 
analysis  of  a  sample  of  the  sewage  applied  to  this  filter  and  of  a  sample  of 
the  efiSuent  show  that  no  material  purification  of  the  sewage  takes  place  in 
its  passage  through  the  filter ;  and,  as  the  size  of  the  filter  proposed  for 
the  Van  Choate  Electric  Company  in  proportion  to  the  number  of  opera- 
tives would  be  about  the  same  as  at  the  Norwood  works,  there  is  no  reason 
to  expect  that  the  results  would  be  any  different  with  the  proposed  filter 
than  with  the  existing  filter  at  Norwood. 

The  Board  would  therefore  advise  that  you  have  a  further  investigation 
made,  with  a  view  to  disposing  of  the  sewage  from  your  works  in  such  a 
manner  that  it  will  not  pollute  the  stream  into  which  the  efiSuent  is  finally 
discharged. 

Westborough  Insane  Hospital.  The  trustees  of  the  West- 
borough  Insane  Hospital  submitted  a  plan  for  the  disposal  of  the 
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sewage  of  that  institution  to  the  Board,  April  7,  1896.  This  plan 
provided  for  the  disposal  of  the  sewage  of  the  institution  by  filtra- 
tion upon  an  area  of  land  about  a  half  mile  from  the  hospital. 
The  Board  replied  to  this  application  as  follows :  — 

Boston,  May  7,  1896. 

The  State  Board  of  Health  received  from  you,  on  April  7,  1896,  a  plan 

for  a  proposed  system  of  sewage  disposal  for  the  Westborough  Insane 

Hospital.     The  plan  provides  for  collecting  the  sewage  of  the  hospital  in 

a  receiving  basin  or  reservoir  to  be  located  about  250  feet  north-west  of 

the  nearest  portions  of  the  buildings,  from  which  an  iron  pipe  sewer  in  the 

form  of  an  inverted  siphon  is  provided,  to  convey  the  sewage  to  a  filtration 

area  on  the  southerly  side  of  Little  Chauncy  Pond,  and  about  half  a  mile 

from  the  hospital  buildings.     Before  entering  the  receiving  reservoir  the 

sewage  will  pass  through  a  sludge  tank  intended  for  the  removal  of  a 

portion  of  the  solid  matters  from  the  sewage  by  sedimentation,  and  pro- 

visioD  is  made  whereby  the  sludge  can  be  drawn  off  from  this  tank  by 

gravity  and  used  as  a  fertilizer.      The  receiving  reservoir  will  have  a 

capacity  of   20,000   gallons,  and  is  designed  to  discharge  its  contents 

automatically,  at  intei'vals  of  several  hours. 

The  area  selected  for  the  disposal  of  the  sewage  is  the  one  referred  to  in 
previous  communications  of  this  Board  as  an  area  well  adapted  to  the  dis- 
posal of  the  sewage  of  this  institution  by  intermittent  filtration. 

The  Board  has  carefully  considered  the  plan  submitted,  and  has  caused 
an  examination  of  the  proposed  filtration  area  to  be  made  by  one  of  its 
engineers,  and  concludes  that  the  proposed  plan  will  provide  satisfactorily 
for  the  disposal  of  the  sewage  of  the  hospital. 

The  screens  indicated  upon  the  plan  have  a  somewhat  limited  area,  but 
it  is  understood  that  your  engineer  proposes  to  provide  larger  screens  than 
are  indicated,  and  a  larger  screen  area  is  very  desirable,  to  avoid  the  neces- 
sity of  excessive  attention  to  keep  them  from  clogging. 


WnrrMAN,  The  selectmen  of  Whitman  applied  to  the  Board, 
Aug.  13,  1896,  for  its  advice  relative  to  a  system  of  drainage  for 
Whitman,  having  a  portion  of  its  outlets  into  Hobart's  Pond  in  that 
town.    The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Noy.  6,  1896. 
The  State  Board  of  Health  received  from  you,  on  August  13,  an  appli- 
ca^n  giving  notice  of  your  intention  to  introduce  a  system  of  drainage  in 
the  town  of  Whitman,  accompanied  by  plans  showing  existing  drains  and 
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a  proposed  system  of  drainage  for  the  remainder  of  the  thickly  settled 
portion  of  the  town. 

The  Board  has  carefully  examined  the  plans  submitted,  and  has  caused 
an  examination  of  the  territoiy  to  be  made  by  one  of  its  engineers.     The 
sizes  of  the  proposed  drains  appear  to  be  adapted  to  remove  the  surface 
and  ground  water  from  the  watersheds  which  they  are  designed  to  serve, 
and  the  places  of  discharge  of  most  of  the  di'ains  are  satisfactory.     Two 
of  the  proposed  drains,  however,  —  one  in  Essex  Street  and  another  pass- 
ing through  Alden  Street,  —  and  one  of  the  drains  already  built,  which 
takes  the  drainage  from  the  portion  of  the  town  in  the  vicinity  of  the 
junction  of  Temple  and  Washington  streets,  have  outlets  into  Hobart's 
Pond.     The  water  supply  of  Whitman  is  taken  chiefly  from  a  filter  gallery 
upon  the  shore  of  the  pond,  and  the  Board  is  informed  that  the  quantity 
furnished  by  the  filter  gallery  is  not  at  all  times  sufilcient  for  the  supply  of 
the  town,  and  the  water  is  sometimes  drawn  directly  from  the  pond. 

While  the  drains  are  designed  for  surface  water  only,  and  are  not 
intended  to  receive  sewage,  yet  the  experience  with  similar  drains  in 
thickly  populated  districts,  especially  where  there  is  no  sewer  system,  has 
shown  that  there  is  danger  that  unpurified  sewage  may  find  its  way  from 
cess-pools  or  from  other  receptacles  for  sewage  or  refuse  matter  into  the 
drains  and  thence  into  the  water  supply  of  the  town. 

The  Board  is  of  the  opinion  that  there  is  danger  that  the  drainage  dis- 
charged from  these  drains  may  be  of  such  a  kind  as  will  corrupt  or  impair 
the  quality  of  the  water  of  the  pond,  upon  the  shore  of  which  your  filter 
gallery  is  situated  and  from  which  a  part  of  your  supply  is  taken  directly, 
contrary  to  the  provisions  of  chapter  80,  section  96  of  the  Public  Statutes. 

Under  existing  conditions,  the  Board  cannot  advise  the  adoption  of  the 
portions  of  the  proposed  plan  which  provides  for  the  discharge  of  drainage 
into  Hobart's  Pond  or  its  tributaries,  and  advises  that  the  matter  be  given 
further  consideration,  with  a  view  to  providing  for  the  disposal  of  the 
drainage  in  such  a  manner  that  it  cannot  have  an  unfavorable  effect  upon 
the  quality  of  your  water  supply. 


Pollution  of  Ponds  and  Streams. 

The  following  is  the  substance  of  the  action  of  the  Board  relative 
to  applications  and  information  received  in  relation  to  the  pollution 
of  streams  and  ponds  during  1896  :  — 

Bradford.  The  water  commissioners  of  Bradford  applied  to  the 
Board,  July  10,  1896,  for  its  advice  relative  to  the  danger  of  pollu- 
tion of  their  water  supply  in  consequence  of  the  existence  of  dwell- 
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ing-houses  on  the  shores  of  Johnson's  and  Chadwick's  ponds,  and 
the  best  mode  of  preventing  it.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  Aug.  6, 1896. 
Attention  was  especially  called  to  drainage  from  houses  on  the  shore  of 
an  arm  of  the  pond,  a  short  distance  above  the  dam  at  its  outlet.  An 
examination  of  the  conditions  here  shows  that  drainage  from  several  houses 
is  discharged  directly  into  the  pond.  Water  from  the  pond  is  used  by  the 
mills  upon  the  stream  below,  and  under  ordinary  conditions  pollution  dis- 
cbaiged  into  this  arm  of  the  pond  is  drawn  out  with  the  water  used  by  the 
millB,  and  at  such  times  there  is  no  danger  of  the  pollution  of  the  water 
supply  of  the  town  of  Bradford  by  sewage  from  these  houses.  At  times 
when  no  water  is  being  drawn  by  the  mills,  there  may  be  danger  that  pol- 
lution discharged  into  this  arm  would  find  its  way  into  the  main  portion  of 
the  pond. 

While  danger  to  the  purity  of  your  water  supply  from  this  cause  is  re- 
mote, the  Board  considers  that  it  is  desirable  to  avoid  it,  if  possible.  This 
can  be  done  either  by  diverting  sewage  from  the  houses  in  question  to  a 
point  of  discharge  below  the  dam,  or  by  causing  a  constant  stream  of 
vater  to  flow  out  of  the  pond  at  all  times  sufficient  to  maintain  a  current 
from  this  portion  of  the  pond  toward  the  dam.  It  is  understood  that  you 
have  already  taken  action  to  prevent  the  threatened  pollution  from  the 
summer  residences  within  the  watershed  of  Johnson's  Pond. 


Ipswich.  The  water  board  of  Ipswich  applied  to  the  Board  of 
Health,  April  25,  1896,  for  the  advice  of  the  Board  relative  to  the 
best  method  of  protecting  its  water  supply  from  pollution  in  conse- 
quence of  the  existence  of  certain  houses  and  stables  on  its  immedi- 
ate watershed.    The  Board  replied  to  this  application  as  follows  :  — 

Boston,  May  5, 1896. 

The  State  Board  of  Health  received  from  you,  on  April  25,  an  applica- 
tion for  advice  with  reference  to  the  protection  of  the  purity  of  Dow's 
Brook  Reservoir,  your  present  source  of  water  supply,  from  pollution  by 
iMmses  and  bams  located  near  the  reservoir. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made  by  one 
of  its  engineers,  and  finds  that  there  are  about  nine  houses  and  several 
Btables  situated  within  a  short  distance  of  the  reservoir,  drainage  from 
which  may  enter  the  reservoir  either  directly  or  through  small  water 
ooorses  in  the  vicinity  of  some  of  the  buildings,  and  in  some  cases  drains 
were  found  conveying  household  or  stable  drainage  directly  into  the  reser- 
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voir  or  a  tributary  water  course.  The  soil  in  this  region  appears  to  con- 
sist largely  of  clay,  and  polluting  matters  discharged  or  deposited  on  the 
ground  may  flow  or  be  carried  by  rain  into  the  reservoir  or  the  water 
courses  near  by,  the  nature  of  the  soil  being  such  that  water  does  not 
penetrate  it  readily. 

The  Board  is  informed  that  there  are  cases  of  typhoid  fever  in  some  of 
the  houses  near  the  reservoir,  and,  as  drainage  or  sewage  from  these 
houses  may  find  its  way  into  the  reservoir  with  considerable  directness, 
people  using  water  drawn  from  the  reservoir  for  drinking  are  exposed  to 
very  serious  danger  of  infection  with  typhoid  fever. 

In  a  communication  to  the  town  of  Ipswich  relative  to  the  use  of  Dow's 
Brook  as  a  source  of  water  supply,  dated  Feb.  1,  1894,  the  Board  called 
attention  to  the  danger  of  pollution  of  the  water  by  the  farm-houses  upon 
the  watershed  of  the  proposed  reservoir,  and  advised  that  care  should  be 
taken  to  prevent  any  pollution  of  the  water  by  these  farm-houses.  The 
Board  urges  you  to  proceed  at  once  to  prevent  the  further  pollution  of  the 
reservoir  from  this  cause  by  diverting  all  sewage  and  other  objectionable 
drainage  from  these  buildings  away  from  the  reservoir  and  its  tributaries, 
and  disposing  of  it  in  some  suitable  manner,  where  it  will  not  endanger  the 
purity  of  your  water  supply. 

The  polluting  matter  which  at  present  enters  the  reservoir  tends  to  pro- 
mote growths  of  organisms  in  the  water  by  providing  food  upon  which  these 
organisms  may  subsist,  and  the  removal  of  this  pollution  will  tend  to  im- 
prove the  character  of  the  water  in  this  respect  also. 

Manchester.  The  selectmen  of  Manchester,  being  directed  by 
the  town  to  report  upon  the  best  method  of  improving  the  condition 
of  Central  Pond  in  Manchester,  and  a  plan  having  been  reported  to 
the  town  for  cleaning  out  the  pond  and  depositing  the  material  so 
removed  behind  a  retaining  wall  to  be  built  for  the  purpose,  sub- 
mitted the  question  to  the  State  Board  of  Health  for  its  advice,  Oct. 
7,  1896.     The  Board  replied  to  the  application  as  follows  :  — 

Boston,  Nov.  9, 1896. 

The  pond  in  question  is  located  in  the  central  village  of  Manchester,  and 
is  formed  by  a  dam  at  the  mouth  of  Sawmill  Brook.  The  dam  is  provided 
with  a  gate  by  means  of  which  the  pond  can  be  emptied  at  low  tide. 
Owing  to  leakage  past  the  dam,  it  is  said  to  be  difficult  to  keep  the  pond 
full  of  water  in  the  drier  months  of  the  year,  and  portions  of  the  shore  and 
bottom  are  consequently  exposed  at  times. 

The  Board  has  caused  an  examination  of  the  pond  and  its  surroundings 
to  be  made  by  one  of  its  engineers,  at  a  time  when  the  water  was  drawn  off 
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80  that  the  condition  of  the  bottom  could  be  seen.  It  appears  that  the 
sewage  from  about  sixteen  buildings,  including  a  small  hotel  and  a  stable, 
is  discharged  dii*ectly  into  the  pond,  and  the  bottom  is  covered  with  a  thick 
layer  of  mud  and  organic  matter,  a  portion  of  which  has  evidently  come 
from  the  sewers  and  drains. 

It  is  said  that  the  pond  gives  off  an  offensive  odor  in  the  summer  time, 
particularly  when  the  bottom  and  shores  are  partially  exposed,  and  that 
babbles  of  gas  rise  to  the  surface  of  the  water  from  the  decomposing 
material  upon  the  bottom. 

By  constructing  a  wall  around  the  shores  and  cleaning  the  bottom  of  the 
pond,  as  proposed,  a  partial  and  temporary  improvement  in  its  condition 
would  be  made ;  but,  in  the  opinion  of  the  Board,  to  effect  any  permanent 
improvement  in  the  sanitary  condition  of  the  pond,  it  is  essential  that  the 
discharge  of  sewage  into  it,  or  any  channel  leading  to  it,  be  discontinued. 
After  the  sewage  has  been  diverted  and  the  mud  and  organic  matter .  re- 
moved from  the  bottom,  there  is  still  some  question  whether  so  shallow  a 
pond  can  be  kept  in  unobjectionable  condition  in  the  midst  of  the  village 
without  frequent  repetition  of  the  cleaning  process,  and  if  the  pond  is  to 
be  preserved,  it  may  be  desirable  to  devise  some  means  of  flushing  it  out 
occasionally. 

It  is  desirable  that  the  pond  be  kept  full  of  water  at  all  times,  and  until 
the  discharge  of  sewage  into  the  pond  is  prevented  and  the  organic  matter 
removed  from  its  bottom,  some  relief  from  offensive  odors  may  be  obtained 
by  keeping  the  pond  full,  but  the  sewage  should  be  diverted  as  soon  as 
practicable. 

The  most  favorable  time  for  removing  the  organic  matter  from  the  bot- 
tom of  the  pond,  in  order  that  it  may  give  the  least  offence  to  those  living 
in  the  neighborhood,  would  be  during  the  cooler  weather  of  the  fall  and  in 
the  winter  months. 

The  Board  would  also  advise  that,  in  providing  a  system  of  sewerage 
tod  sewage  disposal  for  the  buildings  from  which  sewage  is  now  discharged 
into  the  pond  or  its  tributaries,  you  take  into  consideration  the  whole  ques- 
tion of  sewage  disposal  for  the  town,  in  order  that  any  sewer  or  sewers 
coQstracted  for  the  relief  of  this  section  may  form  a  part  of  a  general 
system  for  the  village  when  such  a  system  may  be  necessary. 

North  Adams.  The  board  of  health  of  North  Adams  applied  to 
^  Board,  July  18,  1896,  for  its  advice  relative  to  the  propriety  of 
acquiring  two  fiEtrms  situated  on  the  watershed  of  the  public  supply, 
for  the  purpose  of  protecting  the  supply  from  pollution.  The  Board 
replied  to  this  application  as  follows :  — 
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Boston,  Aag.  6,  1896. 

The  State  Board  of  Health  has  considered  your  request  for  advice  as  to 
the  acquirement  of  two  farms  and  the  buildings  thereon  within  the  water- 
shed of  Notch  Brook  by  the  city  of  North  Adams,  and  has  caused  an 
examination  of  the  premises  to  be  made  by  one  of  its  engineers. 

The  situation  of  the  buildings  upon  these  farms  is  such  that  the  natural 
drainage  is  into  the  proposed  storage  reservoir  of  the  city  of  North  Adams, 
and  with  present  conditions  there  is  danger  that  the  reservoir  may  be 
polluted  by  sewage  from  these  farms.  It  is,  therefore,  desirable  that  the 
city  control  them  in  such  a  way  as  to  prevent  the  danger  of  pollution  of 
the  waters  of  the  reservoir. 

While  it  is  possible,  by  the  construction  of  suitable  vaults  and  cess- 
pools, to  greatly  reduce  the  danger  of  contamination  from  these  buildings, 
eflScient  inspection  will  be  necessaiy  to  accomplish  this  result.  By  causing 
the  abandonment  of  the  buildings,  all  danger  to  the  water  supply  will  be 
removed,  and  this  is  the  best  method  of  preventing  danger  to  your  water 
supply. 


NoRTHFiELD.  The  selectmen  of  Northfield  applied  to  the  Board, 
Nov.  12,  1896,  for  its  advice  relative  to  protecting  the  water  of  Mill 
Brook  in  that  town  from  pollution.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Dec.  10, 1896. 
The  State  Board  of  Health  received  from  you,  on  November  12,  an 

application  with  reference  to  the  protection  of  the  purity  of  the  waters  of 

Mill  Brook,  so-called,  in  the  town  of  Northfield,  a  stream  which  is  used  by 

several  families  as  a  source  of  domestic  water  supply,  and  has  caused  an 

examination  of  the  locality  to  be  made  by  one  of  its  engineers. 

From  this  examination  it  was  found  that  sewage  from  the  Northfield 
Hotel  and  from  houses  in  the  vicinity  was  entering  the  brook  in  such  a 
way  as  to  endanger  the  health  of  persons  using  the  water  for  domestic  pur- 
poses. The  pollution  qt  the  stream  by  these  houses  could  be  prevented  by 
diverting  the  sewage  so  that  it  would  not  enter  the  stream  above  the  point 
from  which  water  is  taken  for  domestic  purposes,  or  by  disposing  of  it 
upon  land,  if  a  suitable  place  of  disposal  can  be  found  in  the  vicinity,  or 
in  some  other  suitable  way. 

Farther  up  stream  there  are  many  houses  situated  near  the  stream,  and 
in  order  to  insure  the  suitability  of  the  water  for  domestic  purposes  it  will 
be  necessary  to  make  such  provisions  for  the  disposal  of  the  sewage  of 
these  premises  that  no  sewage  may  enter  the  stream. 

The  local  boaM  of  health  can  prevent  this  pollution,  if  satisfied  that 
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Ube  present  condition  of  the  stream  is  a  danger  to  the  health  of  those 
using  it. 

Unless  effective  measures  are  taken  to  prevent  all  sewage  from  entering 
the  stream,  it  cannot  be  regarded  as  a  safe  source  of  water  supply  for 
domestic  purposes. 

Peabody.  The  water  commissioners  of  Peabody  applied  to  the 
Board,  March  4,  1896,  for  advice  relative  to  the  question  of  taking 
certain  land  lying  upon  the  watershed  of  one  of  their  reservoirs,  for 
the  purpose  of  protecting  the  purity  of  the  water.  The  Board 
replied  to  this  application  as  follows :  — 

Boston,  April  2, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  4,  1896,  an 
application  for  advice  with  reference  to  protecting  the  purity  of  the  water 
of  the  reservoir  below  Spring  Pond,  used  as  the  direct  source  of  water 
supply  of  Peabody,  accompanied  by  a  plan  of  a  tract  of  land  on  the 
westerly  side  of  the  reservoir,  which  you  state  has  recently  been  bought  by 
a  company  and  divided  into  lots  which  it  is  the  intention  of  the  company 
to  sell  for  building  purposes.  The  land  in  question  lies  between  Lynn 
Street  and  the  reservoir,  and  its  general  slope  is  from  Lynn  Street  toward 
the  reservoir.  About  half-way  between  the  street  and  the  reservoir,  how- 
ever, there  is  a  small  brook  which  flows  northerly  in  the  vicinity  of  the 
proposed  Woodland  Street,  and  discharges  below  the  reser\'oir.  Close  to 
the  easterly  side  of  the  brook  there  is  a  slight  rise  which  forms  a  divide 
between  the  brook  and  the  reservoir,  and  from  this  divide  the  land  slopes 
directly  to  the  reservoir. 

Should  hoases  be  built  upon  the  tract  of  land  between  Lynn  Street  and 
the  brook,  the  surface  drainage  from  this  area  would  naturally  flow  off  in 
the  brook  and  be  discharged  below  the  reservoir ;  but  drainage  from  the 
area  between  the  brook  and  the  reservoir  would  naturally  flow  directly  to 
the  reservoir.     It  would,  therefore,  be  advisable  for  the  town  to  control  at 
least  all  land  between  the  brook  and  the  reservoir,  to  prevent  the  use  of  this 
area  for  any  purpose  that  would  tend  to  injure  the  quality  of  the  water 
supply  of  the  town ;  and  the  channel  of  the  brook  should  be  kept  perma- 
nently open  and  its  waters  allowed  to  discharge  as  at  pi*esent,  below  the 
reservou'.     The  desirability  of  controlling  the  land  between  the  brook  and 
Lynn  Street  depends  largely  upon  the  character  of  the  soil  and  the  direc- 
tion in  which  the  ground  water  flows,  concerning  which  no  information  is 
avaikble  to  the  Board.      If   the  soil   is    coarse    and    porous,  and  the 
ground  water  from  this  tract  finds  an  outlet  into  the  reservoir,  the  sewage 
deposited  upon  this  territory  might  filter  into  the  ground  and  find  its  way 
to  the  reservoir,  and  be  objectionable. 
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Walpole  (Neponset  Reservoir).  A  communication  was  re- 
ceived from  Uriah  W.  Boyden  of  Walpole,  Feb.  7,  1896,  remon- 
strating against  the  proposed  discharge  of  sewage  from  the  Van 
Choate  Electric  Works  of  Foxborough  into  the  Neponset  Reservoir. 
The  Board  replied  to  this  communication  as  follows  :  — 

Boston,  March  6, 1896. 

The  State  Board  of  Health  has  considered  your  communication  with 
reference  to  the  pollution  of  the  Neponset  Reservoir  in  Foxborough  by 
sewage  from  the  Van  Choate  Electrical  Manufacturing  CJompany's  works, 
and  has  caused  an  examination  of  the  premises  to  be  made. 

It  is  found  that,  while  a  drain  for  the  removal  of  surface  and  ground 
water  from  the  vicinity  of  the  buildings  has  already  been  dug  to  the  Ne- 
ponset Reservoir  and  the  construction  of  a  sewage-disposal  plant  begun, 
the  buildings  are  not  yet  completed  and  are  not  expected  to  be  ready  for 
occupancy  until  next  fall,  so  that  no  sewage  is  at  present  being  discharged 
from  the  works,  and  none  is  likely  to  be  discharged  for  several  months. 

The  attention  of  the  company  has  been  called  to  the  provisions  of  chap- 
ter 375  of  the  Acts  of  1888,  a  copy  of  which  is  enclosed. 

WiLLiAMSTOWN .  The  attention  of  the  Board  was  called  to  the 
fact  that  a  certain  dwelling-house  in  Williamstown  was  so  situated 
upon  the  watershed  of  the  water  supply  of  the  town  as  to  constitute 
a  menace  to  the  consumers  of  the  water.  The  Board,  therefore,  sent 
the  following  letter  to  the  Williamstown  Water  Company :  — 

Boston,  Not.  13, 1890. 

It  has  been  brought  to  the  attention  of  the  Board  that  there  is  a  dwelling- 
house  situated  near  the  Flora  Glen  Reservoir,  so-called,  one  of  the  sources 
of  water  supply  of  Williamstown,  which  is  a  menace  to  the  purity  of  the 
water.  The  dwelling-house  in  question  is  located  within  60  feet  of 
the  reservoir,  and  the  arrangements  are  of  such  a  character  that  a  single 
case  of  typhoid  fever  occurring  in  this  house  might  at  any  time,  and 
before  the  danger  was  recognized,  seriously  endanger  the  health  of  the 
people  of  Williamstown. 

While  it  appears  that  no  water  has  been  used  from  this  reservoir  for  the 
supply  of  the  town  since  last  August,  and  that  water  is  not  likely  to  be 
used  from  it  again  until  next  summer,  the  Board  would  nevertheless  urge 
that  the  house  in  question,  together  with  any  outbuildings  within  the  water- 
shed of  the  reservoir  be  removed  without  delay  to  some  place  outside  of 
the  watershed,  and  that  any  sewage  or  refuse  matter  that  may  have  been 
deposited  upon  the  ground  about  the  buildings  or  at  any  place  where  there 
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IS  danger  that  it  may  find  its  way  into  the  reservoir  be  carefully  removed, 
so  that  the  water  from  this  reservoir  may  with  safety  be  supplied  to  the 
town  at  all  times. 

Wrentham  ( Plain ville ) .  Messrs.  Lincoln,  Bacon  &  Co.  of 
Plainville  applied  to  the  Board,  Nov.  5,  1895,  for  its  advice  rela- 
tive to  the  most  practicable  method  of  preserving  the  purity  of  the 
water  of  Bacon's  Pond,  the  source  of  water  supply  of  the  village. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  March  6, 1896. 
The  State  Board  of  Health  received  from  you  an  application  for  advice 
as  to  the  most  practicable  method  of  preserving  the  purity  of  the  waters  of 
Bacon's  Pond,  so-called,  in  the  village  of  Plainville,  from  which  water  is 
drawn  for  the  supply  of  the  inhabitants  of  the  village  for  domestic  pur- 
poses. You  state  that  the  town  of  Wrentham  has  recently  constructed  a 
sewer  on  South  Street  in  Plainville,  which  empties  into  Bacon's  Pond,  and 
is  believed  to  be  an  injury  to  the  quality  of  the  water  supply. 

The  Board  has  caused  an  examination  of  Bacon's  Pond  and  its  vicinity 
to  be  made  by  one  of  its  engineers,  and  finds  that  the  condition  complained 
of  is  caused  by  the  construction  of  a  culvert  to  convey  the  drainage  from 
the  east  side  of  South  Street  to  the  west  side,  from  which  it  flows  into 
Bacon's  Pond.  It  appears  also  that  a  culvert  formerly  existed  at  this 
place,  but  it  is  said  to  have  become  obstructed  before  the  reconstruction  of 
the  road,  which  took  place  last  year.  "Water  from  the  east  side  of  South 
Street  has  probably  always  found  its  way  into  Bacon's  Pond,  either 
through  the  old  culvert  or  by  flowing  over  the  street,  and  no  material 
change  has  consequently  been  made  in  the  conditions  which  formerly 
existed. 

The  watershed  of  Bacon's  Pond  contains  a  large  population,  and  many 
of  the  houses  are  in  the  immediate  vicinity  of  the  pond.  In  the  opinion 
of  the  Board,  the  danger  of  pollution  entering  the  pond  and  the  stream 
which  feeds  it  from  the  population  upon  the  watershed  makes  the  water  of 
the  pond  unsafe  for  drinking. 

It  is  feasible  to  divert  the  water  from  the  culvert  into  the  outlet  of  the 
pond,  whereby  its  drainage  area  would  be  reduced  and  the  drainage  from  a 
considerable  number  of  the  houses  on  the  watershed  would  be  diverted  to 
the  stream  below.  There  would  still  remain,  however,  a  large  population 
on  the  watershed  of  the  pond;  and,  in  the  opinion  of  the  Board,  the 
diversion  of  the  water  conveyed  by  this  culvert  into  the  stream  below 
would  not  render  the  pond  a  suitable  source  of  supply  for  domestic 
purposes,  on  account  of  the  large  population  which  would  still  remain 
npon  its  watershed. 
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EXPLANATORY  NOTE. 

The  systematic  examination  of  the  water  supplies  of  the  State  was  begun  Jane  1, 
1887,  and  has  been  continned  up  to  the  present  time.  The  results  of  the  investi- 
gations made  during  the  first  two  years  were  published  in  a  special  report  of  the 
Board  upon  the  Examination  of  Water  Supplies  (1890),  and  of  those  made  during 
succeeding  years  in  the  annual  reports  of  the  Board  beginning  with  the  1890  (Twenty- 
second  Annual)  report. 

The  special  report  contains  a  description  of  each  of  the  water  supplies  in  the 
State  existing  at  the  date  of  that  report,  and  the  annual  reports  contain  descriptions 
of  new  works  and  changes  in  existing  works. 

In  all  of  these  reports  an  alphabetical  arrangement  by  towns  has  been  adopted. 
Sources  of  water  supply  are  tabulated  under  the  name  of  the  town  supplied,  other 
waters  under  the  name  of  the  town  in  which  they  are  situated.  The  analyses  of 
water  from  the  larger  rivers  not  used  as  sources  of  water  supply  are  given  in  a  sub- 
sequent tabulation,  headed  **  Examination  of  Rivers." 

The  method  of  making  the  chemical  examinations  remains  unchanged,  and  the 
results  are  presented  in  the  tables  of  this  report  in  the  same  form  as  in  the  last  one. 
The  samples  of  water  are  usually  received  at  the  laboratory  from  twenty-four  to 
f(^-eight  hours  after  collection.  All  surface  water  and  such  samples  of  ground 
water  as  contain  suspended  matter  are  filtered  through  filter-paper  before  determin- 
ing the  color,  the  residue  on  evaporation  and  the  albaminold  ammonia  in  solution. 
Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 
SToand  become  turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of 
the  iron  which  they  contain.  In  these  waters  the  residue  on  evaporation  is  deter- 
mined without  filtration,  since  this  iron  is  an  essential  and  not  an  accidental  Ingre- 
<ileDt  in  the  water.  In  the  changes  which  accompany  the  oxidation  of  the  iron  in 
^nuers  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
ii^ilky)  and  finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition 
tbej  have  a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in 
the  case  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
iot^^st  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of  the 
iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water  may 
become  colorless  again.  In  some  cases,  however,  the  iron  occurs  in  combination 
^tii  organic  matter,  forming  a  much  more  stable  body.  In  such  cases  the  water  is 
of  a  brown  color  when  first  drawn  from  the  ground,  and,  while  the  iron  begins  to 
<)tidlze  soon  after  the  water  is  exposed  to  the  air,  the  process  goes  on  slowly  and 
^  water  may  remain  colored  and  iron  continue  to  precipitate  for  a  long  time, 
^lanatory  notes  will  be  given  in  connection  with  the  tables  of  analyses  for  waters 
staining  iron. 

The  color  of  water  is  expressed  by  numbers  which  increase  with  the  amount  of 
^lor.   The  standard  used  is  nesslerized  ammonia,  as  described  on  page  631  of  the 
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Special  Report  upon  the  Examination  of  Water  Sapplies,  1890,  and  on  page  329  of 
the  Annual  Report  for  1892.  Boston  water,  as  drawn  ftom  a  tap  at  the  Institute  of 
Technology,  had  an  average  color  In  1896  of  0.49.  Other  water  supplies  in  the 
State  have  had  an  average  color  of  from  0  to  1.84. 

In  cases  where  examinations  of  a  source  have  been  made  with  regularity  for  sev- 
eral years,  the  averages  of  the  chemical  analyses  of  each  year  are  given. 

There  was  no  change  in  the  method  employed  In  the  microscopical  examination 
of  water  between  Nov.  6,  1890,  and  Dec.  1,  1895.  The  method  employed  between 
those  dates  is  fully  described  in  the  Twenty-third  Annual  Report  of  the  Board  for 
the  year  1891  (pages  396-421).  Before  Nov.  6,  1890,  the  methods  employed  were 
less  perfect,  so  that  a  smaller  proportion  of  the  total  nnmber  of  organisms  present 
in  the  water  was  separated  from  it  and  observed  under  the  microscope;  and,  before 
drawing  conclusions  from  a  comparison  of  the  microscopical  examinations  of 
waters  made  before  and  after  this  date,  the  explanatory  note  on  page  70  of  the 
Twenty-second  Annual  Report  for  1890  should  be  read. 

Since  Dec.  1,  1895,  the  method  for  the  microscopical  analysis  of  water  has  been 
considerably  improved  by  discarding  the  ordinary  glass  funnels  previously  employed, 
and  substituting  ftinnels  which  have  been  constructed  with  stems  of  equal  calibre, 
to  give  equal  rates  of  filtration,  and  with  steeper  sides,  so  that  those  organisms 
which  are  of  a  gelatinous  character  will  be  less  liable  to  adhere  to  the  sides  of 
the  funnel.  By  the  use  of  these  funnels  variations  in  the  numbers  of  organisms 
found,  which  may  be  caused  by  dissimilar  slopes  of  the  sides  of  the  funnels  and 
unequal  rates  of  filtration,  are  avoided. 

To  indicate  the  amount  of  the  so-called  Zoogloea  observed,  the  number  of  Indi- 
vidual masses  is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or  .0025 
square  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system  is 
followed  as  last  year.  The  plants  observed  are  classified  in  four  groups,  viz. : 
Diatomaceae*  Cyanophycese,  AlgsB  and  Fungi.  The  animals  observed  are  grouped 
as  Rhlzopoda,  Inftisoria,  Vermes  and  Crustacea. 

The  names  of  the  difilerent  genera  in  each  group  are  given  with  the  numbers  of 
each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively  long, 
they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not  feasible  to 
make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all  cases,  because  It 
is-desirable  to  Include  smaller  numbers  of  animals  than  of  plants,  and  of  the  larger 
animals  than  of  animals  generally.  Moreover,  there  are  exceptional  cases  in  which 
It  is  desirable  to  indicate  the  presence  of  even  very  small  numbers  of  the  more  im- 
portant plants  or  animals.  Two  general  rules,  however,  have  been  adopted  in 
printing  the  results,  viz. :  — 

1.  All  genera  of  plants  are  included  in  which  the  total  number  observed  averages 
as  much  as  0.5  per  cubic  centimeter  per  month. 

2.  All  genera  of  animals  are  included  in  which  the  total  number  observed  averages 
as  much  as  0. 1  per  cubic  centimeter  per  month. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  included, 
even  when  present  only  in  very  small  numbers. 

Fractions  are  generally  omitted  ftom  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  number  observed  is  0.5  or 
less,  the  fact  that  the  organism  was  present  is  usually  indicated  by  the  abbreviation 
**  pr.,"  but  in  the  case  of  the  larger  organisms  very  small  fractions  are  given. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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EXAMESATION  OF  WATER  SUPPLIES. 


Water  Supply  of  Abington  and  Rockland. 

ChemiccU  ExamincUion  of  Water  from  Big  Sandy  Pond,  Pembroke, 

[Parte  p«r  100,000.] 


a 
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as 


I 

a 
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m 
Q 


IMU   Jaa.  20 

lMMlApr.16 

IflWl    JnljlS 

I 
WHl  ;0et.l3 


Afpbaravcb. 


t 

a 


«1 

a 

9 


BUght. 
Slight. 
Blight. 
SUght. 


Slight. 
Slight. 
Slight. 
Slight. 


a 


.10 
.08 
.18 
.10 


Rksiddb  on 

EVAPORA- 
TIOM. 


g 


s 
o 
3 


«5 


Ammomia. 


3.00 
2.75 
8.15 
8.00 


1.30 
1.20 
0.85 
0.75 


« 
<0 


.0016 
.0000 
.0002 
.0000 


Albuminoid. 


g 


.0182 
.0128 
.0144 
.0108 


s  o. 

00 


.0182 
.0118 
.0130 
.0186 


.0020 
.0010 
.0014 
.0032 


1 

KiTBOOBM 

AS 

• 

1 

• 

s 

i 

w 

6 

s 

SQ 

.68 

.0030 

.0000 

.64 

.0070 

.0000 

.65 

.0000 

.0000 

.70 

.0080 

.0000 

^ 


a 

a 

I 

o 


.23 
.10 
.31 
.26 


0.5 
0.3 
0.3 
0.3 


Averages  by  Tears, 


1887* 
1888t 

1802t 
1806 

180511 
1806 


.20 
.11 
.10 
.07 
.04 
.13 
.11 


8.46 
3.21 
4.30 
3.10 
2.75 
2.97 
2.97 


0.94 
0.83 

1.19 
1.00 
0.90 
0.97 


.0008 
.0006 
.0000 
.0010 
.0003 
.0013 
.0004 


.0150 
.0170 
.0200 


.0150 


.0146  .0122 


.0131 


.0109 


.0165  .0151 
.01631.0144 


.0050 
.0024 
.0022 
.0014 
.0019 


.58 
.57 
.50 
.63 
.62 
.66 
.67 


.0056  - 


.0075 
.0090 
.0012 
.0050 
.0017 
.0032 


.0001 
.0000 
.0000 
.0000 
.0000 
.0000 


.21 
.17 
.27 
.25 


0.5 
0.5 
0.2 
0.7 
0.3 


*  Jan*  to  Oetoh«r,  six  samplet. 
f  lUreh  and  April. 


t  January  to  April,  five  samplea. 
II  Febmary,  March  and  April. 


X  March. 


Non  to  analjMa  of  1806 :  Odor  of  the  flrat  Mmple,  none,  becomiDg  dlatinotly  vegetable  and  graaay 
00  betting;  of  the  MOODd,  none;  of  the  third,  distinctly  vegetable  and  graasy ;  of  the  foarth,  faintly  veg- 
*^*^  and  mouldy. The  samplea  were  collected  from  a  faucet  at  the  pumping  station. 


Microscopical  ExamincUion, 

Tbs  total  number  of  organiama  per  cubic  centimeter  found  in  each  sample  waa 
^♦.  n;  No.  16484, 869;  No.  16961, 28;  No.  17641,  534. 


as  follows:  No. 
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ACTON. 

Acton. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  ActoD 
with  reference  to  taking  water  for  a  public  water  supply  from  the 
ground  in  the  westerly  part  of  the  town  may  be  found  on  pages  9 
and  10  of  this  volume.  Analyses  of  samples  of  water  collected  from 
test  wells  in  this  locality  may  be  found  on  page  78  of  the  annaal 
report  for  1895. 

The  advice  of  the  Board  to  citizens  of  East  Acton  with  reference 
to  taking  water  for  the  supply  of  that  village  from  the  water  works 
of  the  town  of  Concord  may  be  found  on  page  10  of  this  volume. 

Water  Supply  of  Adams  FraE  District,  Adams. 

In  1895  a  contract  was  made  with  the  Adams  Power  Company  to 
furnish  an  auxiliary  supply  of  water  to  the  Fire  District  from  tubular 
wells  situated  at  the  Zylonite  Works  in  the  valley  of  the  south 
branch  of  the  Hoosac  River,  below  Adams.  Water  from  this  source 
is  pumped  directly  into  the  distributing  system  at  times  when  the 
yield  from  the  other  sources  is  insufficient  for  the  supply  of  the 
town.  An  analysis  of  a  sample  of  water  from  one  of  these  wells 
may  be  found  on  page  81  of  the  annual  report  for  1895. 


Chemical  ExamincUion  of  Water  from  Bassett  Brook  Beservoir,  Adams, 

[Parts  per  100,000.] 


§ 

Appbarakok. 

s 

1 

1 

J 

• 

a 

• 

■J 

c 

1 

5 

^ 

•o 

1 

c 

g 

s 

1 

V 

£ 

>i 

S 

g 

a 

1896. 

16127 

Feb.  24 

None. 

v.  Blight. 

.02 

16479 

Apr.  25 

None. 

Blight. 

.05 

16844 

JuDe20 

None. 

v.  slight. 

.05  1 

17286 

Aug.26 

None. 

V.  slight. 

.02 

17784 

Oct.  27 

None. 

None. 

.05 

18193 

Deo.  23 

None. 

v.  slight. 

.02, 

KE8I0UE  ON 

EVAPOBA- 

TION. 


Ammonia. 


Albuminoid. 

• 

• 

^ 

• 

1 

a 

a 

u< 

H 

OQ 

3.00 
2.40 
3.70 
5.40 
2.05 
3.70 


.0016  .0038 
.0006,. 0048 
.00001.0044 
.0000.0032 
.0002.0064 
.00001.0024 


.0030.0008(1.07 
.0036.0012  .08 
.00341.0010,  .10 
.0018  .0014|  .06 
.0050.00141.08 
.0020'. 0004,  .10 


.0280.0000  .06 
.0130  .0000  .12 


.0100  .0000 
.0180.0000 
.0070.0000 


.0350 


.14 
.06 
.17 


.00001  .00 

I 


Averages  by  Tears, 


1.9 
1.7 
S.5 
3.8 
1.7 
2.4 


1887* 

.07 

4.12 

0.67 

'.0011.0075     - 

.08 

.0128 

. 

„ 

18001 
1895i 

_ 

— 

.00 

2.90 

. 

.0000.0040|    - 

.    , 

.10 

.0850 

.0000 

. 

1.9 

_ 

_ 

. 

.06 

4.95 

0.50 

.0000,.  0045 

.0040 

.0005 

.09 

.0866 

.0000 

.14 

8.0 

- 

1896 

~ 

~ 

.08 

8.62 

0.70 

1.0004.0042 

1          1 

.0081 

.0011 

1 

.08 

|.0185 

1 

.ooooMi 

il 

2.3 

*  Jane  to  December.  t  May.  X  April  and  September. 

NoTK  to  Boalyses  of  1896:  Odor  of  the  first  sample,  distinctly  unpleasant;  of  the  others,  none."' 
No.  17286  was  collected  from  the  resenrolr;  the  other  samples  were  collected  from  a  fanoet  supplied 
with  water  from  the  reservoir. 

Microscopical  Examination, 

Ad  insignlfloant  number  of  organisms  was  found  in  thate  aamplet. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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ADA.MS. 

Chemical  Exofnination  of  Water  from  Dry  Brook  Reservoir  in  Adams  and  Cheshire, 

[ParU  per  100,000.] 


Appbaxanob. 


I 
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s 
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^ 

« 


s 
H 


e 
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UU8  Feb.  34    V.  ftUght.  '  Slight 

1M78  Apr. 25  .Slight.       Slight. 

16!M3  JoDoSO    None.        Slight. 

172S&  Aag  25     V.  slight.  ^  Slight. 

17735  Oet.27    None.        Slight. 

18194  Dm.  23  I  None.       I V.  slight. 


o 
o 


.25 
.83 
.25 
.20 
.86 
.17 


Rksidub  om 

EVAPOBA- 
TION. 
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§1 


e    < 
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^ 

^ 

5.85 

1.40 

4.95 

1.40 

7.95 

1.65 

9.25 

1.70 

7.05 

1.60 

7.10 

1.50 

1 

NiTBOOEN 

^ 

Ammokia. 

AS 

§ 

a 
a 

§ 

Albuminoid.  1 

« 

1 

• 

• 

C 

i 

• 

9 

5 

s 

(X 

1 

"3 

1 

•a 

si 

oo 

i 
6 

.06 

Nitral 

1 

I 

o 

.0002 

.0078 

.0068 

.0010 

.0220 

.0000 

.29 

.0022 

.0128 

.01101 .0018{ 

.07 

.0080 

.0000 

.45 

.0002 

.0098 

.0084  .0014 

.06 

.0050 

.0000 

.86 

.0004  .0100 

.00841.0016' 

.08 

.0070 

.0000 

J.35 

.49 

.0018 

.0168 

.0146  .00221 

.08 

.0020 

.0001 

.0000 

.0050 

.0048 

.0002 

.10 

.0220 

.0000 

.26 

1 

s 

e 


3.5 
2.5 
6.0 
6.6 
5.1 
4.9 


Averages  by  Years, 


188T* 

.24 

7.50 

1.29 

.0012 

.0111 

.09 

.0068 

. 

1806t 

. 

. 

.21 

8.90 

1.15 

.0002 

.0101 

.0078 

.0028 

.08 

.0085 

.0000 

.84 

6.0 

- 

18M 

t 

— 

.26 

6.94 

1.54 

.0008 

.0104 

.0090 

.0014 

.07 

.0110 

.0000 

.37 

4.8 

*  Jane  to  December.  f  May  and  September. 

Hon  to  analyses  of  1896 :  Odor,  nono. The  samples  wero  collected  from  a  faucet  sapplied  with 

water  from  the  reserroir. 

Microscopical  Examination, 

An  insignificant  nnmber  of  organisms  was  fonod  in  each  of  these  samples. 

Water  Supply  of  Amesbury.  —  Powow  Hill  Water  Company. 


Chemical  Examination  of  Water  from  Tubular  Wells  supplying  Open  Basins 

near  Main  Street, 

[ParU  per  100,000.] 


e 
o 


la 


>5 


O 

S 


17176   Aug.  11 


APPBABAKCK. 


•e 


e 
o 

S 


Distinct, 
milky. 


Blight. 


o 


.10 


c 


9.40 


Ammohia. 


2 
o 


s 


.0000 


.0012 


C 

■c 

o 


.78 


NiTROQBW 
AS 


s 


.0550 


.0002 


a 

s 

o 


.03 


i 


8.2 


a 

s 


.0190 


Averages  by  Years. 


\m* 

. 

.00 

1  6.86 

.0006 

.0058 

.49 

.0718 

1888t 

. 

. 

.00 

6.09 

.0004 

.0023 

.43 

.0720 

.0001 

. 

. 

_ 

18021 

. 

m, 

.01 

6.65 

.0022 

.0038 

.51 

.1700 

.0002 

. 

2.6 

.0250 

iiosi 

— 

<m 

.00 

6.80 

.0000 

.0084 

.63 

.1200 

.0006 

.06 

2.2 

.0000 

1894(1 

. 

- 

.08 

9.82 

.0002 

.0064 

.55 

.0185 

.0000 

.03 

4.2 

.0300 

189511 

. 

— 

.07 

9.65 

.0004 

.0022 

.59 

.0500 

•0000 

.07 

8.8 

.0200 

1896 

— 

■• 

.10 

9.40 

.0000 

.0012 

.78 

.0550 

.0002 

.08 

8.2 

.0190 

*  June  to  December, 
f Jane. 


t  January  to  May. 

II  July  and  September,  three  samples. 


t  May  and  August. 
IT  May  and  August. 


g^HoTi  to  analysis  of  1896 :  Odor,  none. The  sample  was  collected  at  the  pumping  station  on  Main 

Microscopical  Examination, 

^  insignifieant  number  of  organisms  was  found  in  this  sample. 
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AMESBUBY. 

Chetnical  Examination  of  Water  from  Thirty-six  Tubular  Wells  near  Market  Sired. 

[Parts  per  100,000.] 
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17177 
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^5 
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1896. 

Aug.  11 


Appsabancb. 

• 

t 

i 

»: 

1 

i 

V.  slight. 


None. 


.00 


a 
o 

4 

s  > 


19.00 


Ammonia. 


^ 

i 

1^ 

h 

-< 

.0042 


.0000 


9 

I 


1.27 


NiTBOOKlff 
AS 


I 


1 


.0000 


.0000 


I 

s 


0.6 


s 


18.6 


.0020 


Averages  by  Years. 


- 

1892* 

- 

. 

.00 

19.40 

.0010 

.0020 

1.02 

- 

.0002 

1 

12.5 

.0150 

- 

1803t 

- 

- 

.00 

11.70 

.0000 

.0004 

0.63 

- 

.0000 

.02 

6.4 

.0000 

- 

1894^ 

- 

- 

.08 

19.96 

.0028 

.0007 

1.22 

.0010 

.0001 

.01 

12.4 

.OIU 

- 

1895§ 

- 

- 

.02 

20.70 

.0028 

.0008 

1.02 

.0080 

.0000 

.01 

10.9 

.0180 

- 

1896 

- 

- 

.00 

19.90 

.0042 

.0006 

1.27 

.0000 

.0000 

.06 

18.5 

.0020 

*  Aagast. 


t  Jane. 


X  Jaly  sDd  September. 


i  September. 


NoTK  to  SDslysis  of  1896 :  Odor,  none. The  sample  was  collected  at  the  pamping  station  on  Mar- 
ket Street. 

Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  this  sample. 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Amesbury, 

[Parts  per  100,000.] 
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17008 
17004 


o 
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1896. 

Nov.  18 

Not.  18 


Appearance. 


I 


c 

a 


I 


V.  slight. 

Decided, 
milky. 


Slight. 
V.  slight. 


.01 
.18 


S  ■* 


8.80 
0.60 


Ammoxia. 

• 

22 

o 

,3 

oj 

bS 

5 

Xi 

IH 

< 

.0006 
.0004 


.0012 
.0006 


.81 
.84 


KiTROOEK 
AS 


.0000 

.0000 


.0000 

.0000 


a 

3 


.00 
.00 


4.5 
5.7 


.OlM 
.0760 


Odor,  none.    On  heating,  a  faintly  earthy  odor  was  developed.— —  The  samples  were  eoUected  from 
tabular  test  wells  near  Main  Street  in  Amesbury,  2,000  feet  south  of  the  Main  Street  pumping  station. 


Microscopical  Examination* 


No  organisms. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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AMESBUBT. 

ChemiccU  Examination  of  Water  from  KimbalVs  Pond,  Amesbury, 

[ParU  per  100,000.] 
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ArPSASAMOB. 


1S»6. 

174M  Sept.ll 
174S7  B«pt.ll 
mi5    Nov.  18 


2 

s 
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« 
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'  Dietinct. 

,  Distinct. 

DUtlnet. 


Blight. 
Slight, 
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o 
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.28 
.28 
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RB8IDUB  ON 

EVAPORA- 

TIOK. 


e 
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8.80 
3.00 
4.30 


1.36 
1.45 
1.95 


Ahmonia. 


Albominold. 

^ 

^ 

• 

• 
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§ 

si 
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.0016 
.0010 


.0200 
.0210 


.0004  .0214 


.0182 
.0170 
.0188 


.0018 
.0040 
.0026 
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.35 
.35 
.40 


NlTKOOBN 

A8 

rf 

• 

i< 

• 

e 

•c 

«< 

«« 

sz; 

se: 

.0080 

.0000 

.0030 

.0000 

.0020 

.0000 

s 

Q 
O 

e 
« 

M 
K 
H 
O 


.41 
.42 
.56 


1.1 
1.1 
1.6 


Odor,  ftilntly  Tegetable,  and  of  the  first  sample  also  mouldy. The  first  sample  was  collected  from 

the  middle  of  the  pond  near  the  surface ;  the  second,  from  the  middle  of  the  pond  near  the  bottom ;  the 
third,  from  the  pond  near  its  outlet.    This  pond  Is  not  used  as  a  source  of  public  water  supply. 

Microscopical  Examination, 

No.  17480.  DlatomaoesB,  Anterionella^  4;  Dintomat  4;  MelorirOt  62;  Navicula,  2;  TabellariOt  6. 
Cyanophyeese,  Anabcmat  88;  ClathrocyntUt  6;  MicrocyatU,  80.  Algas,  Protococcua,  18;  Stauraatrum, 
2;  Staurogeniat  212.  Rhizopoda,  Actinophrvi,  4.  Infusoria,  Dinobryofit  2;  Mallomonai,  2.  Mlscel- 
laneoos,  Acnrina,  10;  Zodglaa^  20.    Total,  462. 

No.  17437.  Diatomaceas,  C^ctoto/to,  2 ;  St€phanodiacua,2;  Sj/nedra,  4;  TabellarHa,A.  Cyanophy- 
sea,  Microcjfatis,  38.  Algas,  Protococcua,  16;  Staurogenia,  16.  infusoria,  OocUmella,  i,  Miscellane- 
WM,Zo6glan,  10.    ToUl,  06. 

No.  17015.  Diatomaces,  OycloUlta,  10;  Meloaira,  0;  Synedra,  0;  Tabeliaria,  1.  Cyanophyces, 
Mkrocy$tia,  1.    Miscellaneous,  SMfgUxa,  20.    Total,  50. 


Water  Supply  op  Andover. 

Chemical  Examination  of  Water  from  HaggetVs  Pond,  Andover. 

[Parts  per  100,000.] 


• 

B 
O 

1               ArPBAMAVOB. 

Residue  cm 

EVAPOBA- 
TIOM. 

Ammonia. 
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NiTROOBK 
AS 

•2 

i 
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I 

Turbidity. 

^ 
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I 

Loss  on 
Ignition. 

2 

Albuminoid. 

• 

! 

• 

i     1 

B          2 

• 

1 

1 

"3 

1 

• 

« 

a 

00 

• 

i 

n 

18»«. 

UOei   Jan.  27 

V.  slight. 

V.  slight. 

.23 

3.30 

1.86 

.0010 

.0146 

.0130 

.0016 

.37 

.0080 

.0000 

.36 

1.6 

1«W    Apr.  18 

V.  sUght. 

V.sUght. 

.28 

8.15 

1.35 

.0000 

.0124 

.0122 

.0002 

.81 

.0050 

.0000 

.33 

1.1 

Mm  July  18 

Slight. 

Slight. 

.16 

8.66 

1.40 

.0006 

.0170 

.0146 

.0024 

.82 

•0000 

.0000 

.34 

1.2 

lTW2'Oc^l8 

V.  slight. 

Slight. 

.00 

2.00 

0.76 

.0004 

.0168 

.0140 

.0018 

.41 

.0080 

.0000 

.30 

1.8 

Averages  by 

Years, 

-     ,    1880* 

. 

.10 

5.86 

2.70 

.0004  .0108 

.0170 

.0028 

.20 

.0040 

.0001 

1.1 

1891t 

• 

- 

.08 

3.36 

1.70 

.0004  .0136 

.0080 

.0066 

.88 

.0080 

.0000 

. 

1.8 

1802 

• 

• 

.06 

8.20 

1.02 

.0003  .0176 

.0147 

.0028 

.84 

.0061 

.0000 

_ 

1.8 

1803 

. 

m. 

.00 

3.30 

1.30 

.0018  .0151 

.0124 

.0027 

.84 

.0090 

.0000 

.28 

1.3 

-     1    1804$ 
*     1    18061 

• 

. 

.00 

8.84 

1.18 

.0000  .0122 

.0105 

.0017 

.84 

.0020 

.0000 

.20 

1.8 

. 

— 

.16 

8.66 

1.18 

.0021 

.0140 

.0183 

.0016 

.80 

.0040 

.0000 

.30 

1.6 

1806 

^ 

^ 

.17 

8.26 

1.21 

.0006 

.0140 

.0134 

.0015 

.86 

.0027 

.0000 

.88 

1.8 

*  July.  t  November.  %  January  to  April.  {  February,  March  and  April. 

KoTB  to  analysaa  of  1806 :  Odor  of  the  first  and  last  samples,  none;  of  the  second,  faintly  vegetable; 
^  the  third,  distinctly  unpleasant,  becoming  faintly  vegeuole  on  heating.  — -  The  samples  were  col- 
i*^  from  a  faucet  at  the  pumping  iUtion. 

Microscopical  Examination, 

Ad  iosignifleant  number  of  organisms  was  found  in  each  of  these  samplea. 
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ABIilNGTON.  ' 

Water  Supply  of  Arlington. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Arlington 

Water  Works. 


> 

[Parte 

per  100,000.] 

I 

Date  of  Collection. 

Appbabamcb. 

BKtUDUK  CM  1 
EVAPOBA-     1 
TION. 

Ammonia. 

• 

S         Chlorine. 

1 

NiTBOOBH 
AS 

8 
9 

• 

i 

1 

o 

• 

•0 

•e 

o 
H 

1 
■3 

1 

i 

a 

Losion 
Ignition 

• 

Albuminoid. 

• 

OB 

2 

1   ' 

• 

1 

0 

• 

1 

« 

1 
1 

m 
Q 

Sus- 
pended. 

• 

8 

« 
a 

% 

17143 

1896. 

Aug.  6 

Cent., 

Cent. 

.70 

7.65 

3.40 

.0004 

.0842 

.0370 

.0472 

.0030 

.0000* 

.68 

l.T 

17876 

Sept.  8 

green. 
Cons., 
green. 

SUght, 
brown. 

.42 

8.40 

4.60 

1 

.0000 

.2430 

.0468 

.1062 

.66 

.0020 

.0000 

.76 

2.1 

Odor  of  the  flrat  sample,  vegetable  and  sweetisb;  of  the  second,  faintly  sweetish,  becoming  stronger 
on  heating.  ^— The  samples  were  collected  from  the  reservoir,  near  the  gate-house. 

Microscopical  Examination. 

No.  17143.  Dlatomacesd,  Asterionella  ^B;  Mehiira,  28;  Sjm^dra,  40.  Cyanophycen,  Anab<»ma, 
1,000;  Olathroq/stitt  480.  Aig»,  CosmarHum,  4;  Pediantrum^  24;  /Votocoecu«,  64;  Scenedesmun,  48; 
ataurastrum,  12.  Infusoria,  PeHdinium,  4.  Vermes,  Rotifer^  4.  Crustacea,  Daphnia.  .04.  Mlsoel* 
laneous,  Zodglaa^  40.    Total,  1,756. 

No.  17375.  Dtatomaoen,  Synedra^  16.  CyanophycesB,  Anabanut  900;  ClathrocyatU,  450.  Alg», 
Fedia8trum,S0;  iVo^ococcus, 8 ;  Scenede»mu»t  12.    Infusoria,  Ceratiumt  4;  jPeridiniumt  4.    Total,  1,490. 


Chemical  Examination  of  Water  from  Tubular  Wells  at  East  Lexington. 

[Parts  per  100,000.] 


I 


Av. 


Av. 


I 


ts 


16085 

1896. 

Jan.   31 

16376 

Apr.    8 

167M 

June    8 

17144 

Ang.    6 

17589 

Oct.     6 

18017 

Dee.    8 

1896 


1895 


APPBABAKCB. 


None. 
Distinct. 

Slight. 

milky. 
Distinct, 

mUky. 
Distinct. 

Distinct. 


e 
I 


Slight, 

rusty. 
Slight. 

Slight. 

Slight. 

Slight, 

rusty. 
Slight. 


o 


.12 
.20 
.22 
.20 
.40 
.30 


.24 


.17 


s  <• 


9.40 

8.70 

9.30 

10.40 

11.20 

10.30 


9.88 


9.90 


Ammonia. 


I 


^1 


.0072 
.0082 
.0104 
.0084 
.0086 
.0112 


.0090  .0102 


.0084 
.0096 
.0106 
.0080 
.0128 
.0116 


.0097  1.0075 


.52 
.50 
.51 
.48 
.58 
.65 


.54 


.52 


Nitroqkm 
as 


1 

}«5 


.0050 
.0030 
.0030 
.0000 
.0100 
.0100 


.0062 


.0045 


.0000 
.0000 
.0000 
.0001 
.0003 
.0002 


.0001 


.0001 


•s 


h6 


.19 
.14 
.20 
.22 
.81 
.21 


.21 


.18 


5.1 
4.7 
5.1 
5.5 
5.9 
5.3 


5.3 


5.5 


.0269 
.0659 
.0479 
.0619 
.1600 
.0909 

.0742 

.0968 


NoTB  to  analyses  of  1896:  Odor,  none,  except  in  the  August  sample,  which  had  a  faintly  vesetsble 
odor,  becoming  stronger  on  heating.  A  vegetable  odor  was  also  developed  on  heating  the  samples  col* 
lected  in  June  and  December. The  samples  were  collected  from  a  faucet  at  the  pumping  station. 

Microscopical  Examination, 

The  average  number  of  organisms  per  cable  centimeter  found  in  these  samples  was  583,  contlftinf 
ehiefly  of  Orenothrix. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 
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ASHBimXHAM. 


ASHBUKNHAM. 


Chemical  Examination  of  Water  from  Upper  Naukeag  Pond^  Ashburnham. 

[ParU  per  100,000.]  ( 


Jtlon. 

Appbaiakos. 

BaSIODB  ON 

EVAPORA- 

TIOK. 

Ammonia. 

m 

« 
1 

s 

.10 

NiTROOBN 
A8 

Oxygen  Consumed.    1 

1  1  : 

Turbidity. 

o 
1 

6 

§ 

33 

• 

1 

Albuminoid. 

• 

• 

s 

• 
•c 

> 

1 
6 

0 

<S     1 

• 

i 

1 
1 

Sus- 
pended. 

8 

m 

VIM 

i 

Jan.  20 1 

SUght. 

Slight. 

.13 

1.00 

0.80 

.0006 

.0130 

.0118 

• 

.0012 

.0050 

1 

.0000  .30 

1 

0.0 

IU4& 

Apr.  21 

Slight. 

Slight. 

.20 

1.10 

0.40 

.0008 

.0212 

.0102 

.0110 

.08 

.0060 

.oooo' 

.80 

0.0 

100«3 

July  18 , 

Diatinet. 

Slight. 

.12 

1.60 

0.55 

.0006 

.0106 

.0080 

.0026 

.12 

.0000 

.0000, 

.26 

0.0 

1-«M 

Oct.  13 

Slight. 

Slight. 

.06 

1.66 

0.76 

.0000 

.0118 

.0096 

.0022 

.13 

.0000 

.0000 

.25 

0.0 

Averages  by  Tears. 


- 

1888 

. 

<. 

.18 

2.01 

0.60 

.0002 

.0145 

- 

- 

.09 

.0045.0001 

- 

- 

- 

1880* 

- 

- 

.06 

1.95 

0.85 

.0000 

.0196 

.0184 

.0062 

.08 

.0020.0000 

- 

- 

m 

18Mt 

- 

- 

.03 

2.43 

1.50 

.0003 

.0151 

.0115 

.0036 

.08 

.0050 

.0000 

- 

0.8 

' 

18911 

- 

- 

.00 

1.00 

0.85 

.0000 

.0122 

.0122 

.0000 

.09 

.0030.0000 

- 

0.0 

- 

1802 

- 

- 

.05 

2.00 

0.75 

.0000 

.0106 

.0084 

.0022 

.11 

.00501.0000 

- 

0.3 

- 

1803 

- 

- 

.08 

1.67 

0.75 

.0010 

.0094 

.0077 

.0017 

.12 

.0010  .0000 

.14 

0.2 

m 

18»4§ 

- 

- 

.10 

1.70 

0.70 

.0002 

.0097 

.0080 

.0017 

.13 

.0065.0001 

.26 

0.1 

- 

1895    ' 

- 

- 

.08 

1.72 

0.84 

1.0011 

.0111 

.0097 

.0014 

.13 

.0035.0000 

.22 

0.3 

- 

1896 

- 

- 

.13 

1.56 

0.62 

'.0006 

1 

.0141 

.0099 

.0042 

.11 

.0025 

.0000 

.28 

1 

0.0 

•  April. 


t  Auguat. 


X  September. 


§  April  and  August. 


Norn  to  analyaea  of  1896 :  Odor  of  the  first  two  samples,  very  faint  or  none;  of  the  third,  decidedly 
■Knikiy  sod  grassy ;  of  the  fourth,  faintly  vegetable,  becoming  also  mouldy  and  grassy  on  heating.  — 
Tbs  sunples  were  collected  from  the  pond,  about  4  feet  beneath  the  surface. 

Microscopical  Examination. 

Tbe  total  number  of  organisms  per  cubic  centimeter  found  in  each  sample  was  as  follows:  No. 
1^  10;  No.  16445,  45;  No.  16963, 847,  consisting  chiefly  of  Tabellaria;  No.  17636, 90. 


Ashland. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Ashland 
wlative  to  taking  water  from  the  ground  in  the  valley  of  the  Sud- 
hwy  River  west  of  the  town  for  the  purposes  of  a  public  water 
8upply  may  be  found  on  pages  10  and  11  of  this  volume. 
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ASHLAND. 

Chemical  Examination  of  Water  from  a  Tubular  Test  Well  in  the  Valley  of  the 

Sudbury  River  in  Ashland, 

[Parta  per  100,000.] 


i 

a 

3 


17060 

kit  . 


0 


-o5 


1896. 

July  27 


APPSABAMOS. 


None. 


s 


i 


Slight, 
sandy. 


.02 


c 
o 

OB 


7.00 


AXMONIA. 


o 
c 


9 

e 
■c 

o 


,0004 


.0006 


.27 


KiTBOGEK 

AS 


I 


,0070 


.0000 


S 

s 
« 
c 

X 

O 


F 

•  L 

«  1 

2     ' 
•E     I 


.01 


2.6 


.0110 


Odor,  none. The  sample  was  collected  from  a  tubular  test  well,  on  the  southerly  side  of  the 

Sudbury  River,  about  1  mile  above  the  village  of  Ashland. 


No  organisms. 


Microscopical  Examination, 


Water  Supply  op  Athol.  —  Athol  Water  Company. 

Chemical  Examination  of  Water  from  the  Large  Reservoir  in  Phillipston, 

[ParU  per  100,000.] 


1 

Uksidue  on 

1 

1 

^^^ 

s 
c 

Appkarakcb. 

Evapora- 

AUUONIA. 

NrrRoQEN 

tion. 

AS 

E 

3 

o 

o 

o 
o 

♦* 

• 

•3 

1 

a 

o 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 
.a 

1 

i 

■c 

O 

c 

K 

• 

u 

B 

a 

1 

• 

1 

1 

.S 

1 

iS 

m 
■ 

1 

^5 

k>4 

H 

oo 

O 

H 

h 

H 

G 

CG 

U 

^ 

^ 

O 

1896. 

16835 

&£ar.26 

DUtinot. 

Slight. 

0.52 

3.00 

1.85 

.0004 

.0172 

.0130 

.0042 

.08 

.0050.0001 

0.63 

0.4 

16618 

May  18 

,  Decided. 

Cons., 

0.25 

2.70 

0.05 

.0012 

.0200 

.0142 

.0058 

.18 

.0080.0000 

0.45 

0.6 

1 

brown. 

17052 

July  24 

Decided. 

Oona. 

0.35 

4.80 

1.50 

.0026 

.0410 

.0182 

.0228 

.10 

.0070 

.0000 

0.85 

1.2 

17422 

Sept.  0 

Decided, 

Slight. 

1.70 

_ 

. 

.0016 

.1082 

.0504 

.0528 

.14 

.0120 

.0000 

3.47 

0.6 

green. 

1 

17907 

Nov.  18 

Decided, 

Oona. 

0.90 

4.65 

2.50 

.0012 

.0424 

.0298 

.0126 

.22 

.0070.0000 

1.05 

0.7 

green. 

Averages  by  Tears, 


- 

1887* 

- 

- 

1.25 

4.28 

1.89 

.0027 

.0860 

- 

- 

.16 

.0075 

— 

1 

. 

- 

1888t 

- 

- 

0.80 

8.22 

1.17 

.0010 

.0157 

- 

- 

.11 

.0127 

.0000 

- 

m 

- 

1894 

- 

- 

0.45 

8.75 

1.80 

.0019 

.0179 

.0112 

.0067 

.11 

.0048 

.0000 

0.47 

0.9 

- 

1896 

- 

- 

0.64 

4.00 

1.64 

.0016 

.0864 

.0174 

.0190 

.16 

.0110 

.0000 

O.Cl 

1.0 

- 

1896 

- 

- 

0.74 

8.66 

1.57 

.0014 

.0447 

.0251 

.0196 

.14 

.0078 

.0000 

0.99 

0.7 

*  June  and  December. 


t  January  to  liaroh. 


NoTS  to  analyaea  of  1896:  Odor,  generally  faintly  vegetable  and  sweetish;  in  May,  also  mouldy.  A 

fishy  odor  was  observed  in  the  sample  collected  in  March. The  samples  were  collected  from  tbs 

reservoir. 
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ATHOIi. 

Mcroscopical  Examination  of  Water  from  the  Large  Reservoir  in  PhiUipston, 

[Nomber  of  organisms  per  cable  centimeter.] 


PLANTS. 
Dl«tomaoe» 

Asterionellm,       .        .       .       . 

FracUaria, 

Ueiosira, 

lf«1dloo, 

Navicula, 

PtoDolaria, 

Bjnedra, 

Tsbellaria, 

Cyanophycece,  Aoabaena,       . 

AlgVB, 

Coiferra, 

P«dlastnim,  .... 
Protoooceiis,  .... 
Soeoedesmna,     .... 

ANIMAUB. 
Inftisoria 

Dlnobryon, .        .       .       . 

Sofleiia, 

Monas,  •  •  .  .  • 
PtridlDinm,         .... 

Phseos, 

Brpora, 

Inebelomonaa,  .... 

Vermes, 

Annrea,  ..... 
AK>Uoehna.  .... 
Trisrthra. 


1896. 

March. 

May. 

Jaljr. 

September. 

Norember. 

D^j  of  ezaminatiOD,         .... 
Nomber  of  sample, 

28 
16335 

21 
10618 

26 
17062 

11 
17422 

20 
17907 

1,000 

1,000 
0 
0 
0 
0 
0 
0 
0 


8 

2 

0 
6 
0 


1,474 

424 
4 
1,008 
0 
6 
4 
6 
22 


616 


0 
4 

0 
0 


48t 

4 
4 
424 
0 
0 
0 
0 
0 


12,000 


4 

0 
0 
0 


57 

0 

2 

0 

44 

1 

10 

0 


0 

1 
1 


16 

12 
0 
2 
0 
0 
0 
2 


0 

0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


21,800 


0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


2,552 


0 

820 

0 

0 

0 

1,200 

0 

8 

0 

8 

0 

8 

0 

1,008 

0 

0 

2,880 


0 

0 

8 

16 


8 

0 
0 
0 
8 
0 
0 
0 


8 

8 
0 
0 


*'*!<^toa«ott«,  Zottglma, . 

0 

40 

20 

0 

160 

Total, 

1,067 

2,160 

12,466 

21,800 

6,632 
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ATHOIi. 

Chemical  Examination  of  Water  from  Newton  (Buckman  Brook)  Reservoir  and 

Us  Tributaries  in  Athol. 

[Parts  per  100,000.] 


e 

Appbarancb. 

Rbsidub  on  ' 
Evapora- 

Ammonia. 

Kitboobn 

A8 

1      .    ; 
1    ' 

ate  of  CoUecU( 

tion. 

• 

e 

•c 

o 

i 

§    , 

• 

1 

a 

8 

1 

1 

Loss  on 
Ignition. 

1 

Albnminoid. 

1 
1 

« 
1 

u 

1 

a 

a 

• 

1 

•a 

•a 

6  .  s 

S 

A      1 

H 

00 

o 

H 

Cm 

H 

Q 

CO 

SB 

as 

,  o     a 

1896. 

15910 

Jan. 20 

Slight. 

Slight. 

.87 

8.10 

1.20 

.0004 

.0098 

.0084 

.0014 

.12 

.0070  .0000 

.50 

0.5 

15911 

Jan.  20 

V.  slight. 

Oons., 
brown. 

.37 

2.75 

1.10 

.0004 

.0096 

.0062 

.0034 

.00 

.0060.0000 

.48 

1 

0.6 

15012 

Jan.  20 

None. 

SUght. 

.10 

2.00 

0.80 

.0006 

.0032 

.002G 

.0006 

.12 

.0060 

.0000 

>  .22     0.S 

1 

15918 

Jan.  20 

y .  slight. 

Cons., 
brown. 

.03 

2.45 

0.80 

.0006 

.0020 

.0016 

.0004 

.15 

.0100 

.0000 

.09  !  0.4 

1 

Odor,  none. The  first  sample  was  collected  from  the  reservoir;  the  second,  from  a  brook  enter- 
ing the  reservoir  from  the  west;  the  third,  from  a  brook  entering  the  reservoir  from  the  soath*west; 
the  last,  from  a  brook  entering  the  reservoir  from  the  south-east. 

Microscopical  Examination, 

An  insignificant  nnmber  of  organisms  was  fonnd  in  the  first  sample;  in  the  other  samples  no 
organisms  were  fonnd. 


Water  Supply  of  Attleborough. 

Chemical  Examination  of  Water  from  (he  Well  of  the  Attleborough  Water  Works. 

[Parts  per  100,000.] 


i 


Ya 


15890 
16050 
16354 
16428 
16564 
16^50 
16000 
17280 
17432 
17629 
17864 
18116 


§ 

I 


1896. 

Jan.   17 

Feb.  11 
Mar.  31 
Apr.  15 
May  11 
Jane  10 
July  16 
Aug.  18 
Sept.  11 
Oct.  12 
Nov.  13 
Dec.  14 


APPBABAMCB. 


None. 

None. 

None. 

None. 

None. 

None. 

None. 

v.  slight, 
milky. 
None. 

None. 

None. 

None. 


a 
«> 


00 


None. 

None. 

None. 

None. 

None. 

None. 

None. 

Slight. 

None. 

None. 

V.  slight. 

None. 


o 


.00 
.02 
.00 
.00 
.00 
.00 
.00 
.03 
.02 
.03 
.03 
.01 


e 

o 

s  > 


^ 


8.80 
3.60 
2.60 
8.40 
8.40 
4.40 
4.10 
8.80 
8.70 
4.80 
5.10 
4.40 


Ammonia. 


1^ 

o 

if 
% 


.0002 
.0004 
.0000 
.0010 
.0000 
.0000 
.0000 
.0000 
.0000 
.0008 
.0000 
.0014 


.0006 
.0012 
.0014 
.0012 
.0034 
.0026 
.0012 
.0042 
.0024 
.0042 
.0014 
.0032 


I 

o 


.86 
.84 
.86 
.84 
.37 
.82 
.32 
.80 
.84 
.88 
.45 
.48 


NiTROOBN 
AS 


I 


.0120 
.0170 
.0150 
.0150 
.0120 
.0150 
.0100 
.0070 
.0070 
.0120 
.0120 
.OlSO 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


1 

c 


.06 

.10 

.05 

.03 

.00 

.06 

.05 

.06 

.04 

.00 

.05 

.06 


c 


2.5 

2.0 
1.6 
2.0 
1.7 


.0010 
.0081 

.0090 
.0000 
.0020 


1.6  t.OOlO 

1.7  I.OOSO 


I 


1.0 
1.7 
1.8 
2.2 
2.2 


.0010 
.OMO 
.OOSO 
.0010 
.0000 
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ATTUBBOBOUGH. 

(^emicai  Examination  of  Water  from  the  Well  of  the  AUUborough  Water  Works 

—  Concluded. 

Averages  by  Years. 

[PMtfl  per  100,000.] 


o 


ArrsAXAVOB. 


9  «  "q 


IMS 
19M    ! 
1896 

1896 


.02 
.03 
.08 
.01 


Ammonia. 

•6 

"S 

e 

• 

58 

^ 

.a  *^ 

.0000 
.0002 
.0001 
.0008 


.0008 
.0014 
.0027 
.0022 


i 

6 


.86 
.87 
.86 
.86 


MiTBOOKH 


I 

i 


.0210 
.0198 
.0120 
.0122 


.0000 
.0000 
.0000 
.0009 


a 

0 

s 

s 

M 

o 


3 


n 


a 


.08 
.04 
.04 
.06 


S.O 
1.8 
1.8 
1.9 


.0068 
.0048 
.0019 
.0025 


Non  to  analyMs  of  1896:  Odor,  none. The  samples  were  oollected  from  a  fanoet  at  the  pnmp- 

iBff  station,  while  pumping. 

Microscopical  Examination, 

yp  organisms. 

Chemical  Examination  of  Water  from  Orr^s  Spring,  AUUborough, 

[ParU  per  100,000.] 


Date  of 

CollecUon. 

Appbajumcb. 

Residue  on 
Evaporation. 

1 
Ammonia. 

• 

i 

MiTBOOBN 
AS 

Oxygen 

Consumed. 

i 

q 

1 

a 

Number. 

1 

o 
H 

1 
1 

i 

1 

1 

• 

I 

• 

•a 
"5 

it 

< 

• 

1 

• 

1 

S 

• 

e 
£ 

189«. 

1 

1II4& 

Jnne  20 

None. 

BUght. 

.00 

2.00 

.0000 

.0004 

1 

.84 

1 

.0080 

.0000 

.01 

0.6 

.0000 

Odor,  none. The  sample  was  oollected  from  a  spring  on  land  of  James  Orr,  about  1,600  feet 

below  Orr^  Pond. 

Microscopical  Examination, 

No  organisms. 

Watek  Supply  of  Avon. 

Chemical  Examination  of  Water  from  the  Well  of  the  Avon  Water  Works, 

[ParU  per  100,000.] 


ArPBASANCB. 

• 

Ammonia. 

KlTBOOBN 

• 

1 

1 

& 

AS 

a 

1 

i: 

e 

o 

Date  of 

CoU< 

• 

1 

a 

9 

a 

Resldae  on 
Erapo 

* 

Albu- 
minoid. 

• 
9 
G 

i 

• 

• 

1 

• 

• 
2 
5 

Oxygen 
Cons 

• 

§ 

e 

1 

n 

tart 

19—. 

1«T60 

June    8 

Blight. 

Blight. 

.00 

4.80 

1 

.0000 

.0084 

.45 

.0800 

.0000 

.03 

1.8 

.0800 

Odor,  none. Tlie  sample  was  collected  from  a  fancet  at  the  pnmping  station,  while  pumping. 

Microscopical  Examination. 

An  taMigniiidant  oambar  of  organisms  was  found  in  this  sample. 
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ATEB. 


Water  Supply  op  Ayer. 


Chemical  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works, 

[Parts  per  100,000.] 


on. 

Appbabanob. 

• 

Ammonia. 

NiTROOBM 

• 

¥. 

•a 

A8 

1    a 

1 

s 

a 

Date  of 

CoUe4 

6 

1 

i 
1 

1 

§1 

1 

• 

mlnold. 

• 

1 

• 

• 

1 

i 

s 

1 

• 

s 

1 

• 

a 

1 

1896. 

16758 

Jane    9 

V.  flight. 

Ooni., 
white. 

.00 

6.20 

.0000 

.0016 

.58 

1 
1 

.0600 

.0000 

.09 

2.7 

.OOK 

• 

Averages  by  Years. 

1888 

. 

^ 

.00 

6.85 

.0002 

.0015 

.82 

.0626 

.0001 

- 

1889* 

. 

• 

.00 

4.80 

.0010 

.0022 

.81 

.0666 

.0000 

• 

. 

. 

• 

1890t 

• 

. 

.00 

5.60 

.0000 

.0014 

.82 

.0900 

.0000 

. 

« 

. 

. 

1893: 

- 

• 

.00 

5.S0 

.0000 

.0008 

.86 

.0500 

.0000 

.05 

2.1 

.0000 

- 

1894S 

1896n 

- 

. 

.01 

4.58 

.0000 

.0005 

.40 

.0703 

.0000 

.01 

2.4 

.0183 

. 

• 

. 

.01 

6.80 

.0009 

.0011 

.50 

.0667 

.0000 

.01 

2.6 

.OOIS 

™ 

1896 

^ 

*■ 

.00 

6.20 

.0000 

.0016 

.58 

.0600 

.0000 

.09 

2.7 

.0030 

*  January  to  May.       f  September.       X  JoQe.       §  April,  Jaly,  Aagnst.        H  Jane,  Aagutt,  October. 
NOTB  to  analyela  of  1896:  Odor,  none. The  sample  was  collected  from  the  well. 


No  organisms. 


Microscopical  Examination. 


Water  Supply  of  Barre. — Barre  Water  Company. 

Chemical  Examination  of  Water  from  (he  Reservoir  of  the  Barre  Water  Company. 

[Parte  per  100,000.] 


e 
o 


o 
p. 


16040 

16857 

16709 

17154 
17628 
18013 


Av. 


1896. 

Feb.  11 

Apr.  6 

Jane  1 

Ang.  8 
Oct.  11 
Dec.  7 


Appbabakob. 


tf 

9 


s 


s 


Distinct, 
clayey. 

Distinct, 
clayey. 

Distinct, 
clayey. 

None. 

Distinct. 

y .  sUght. 


Blight, 

clayey. 
Blight, 

earthy. 
Slight, 

fibroas. 
y.  slight. 
Cons, 
y .  slight. 


.22 

.12 

.02 

.03 
.22 
.20 


.13 


Rksiddb  on 

EVAPOBA- 
TIOH. 


o 


s 

3 


3.40 

3.00 

5.20 

7.40 
5.15 
3.90 


4.67 


1.00 

0.70 

1.10 

1.75 
1.55 
1.00 


1.18 


Ammonia. 


Albnmlnold. 


s 


i 

i. 


00 


.0030.0122 

I 
.0044  .0148 

.0016.0174 

.00001.0106 
.0024.0248 
.0002.0108 


.0019  .0151 


.0106 

.0184 

.0128 

.0092 
.0182 
.0084 


.0121 


.0016 

.0014 

.0046 

.0014 
.0066 
.0024 


NiTBOGEN 
AS 


6 


.0030 


.18 

.10 

.25 

.28 
.16 
.19 


a 
o 

I 

J? 

o 


i 


.0150 
.0070 
.0000 


.19 


.0002, 


.25 


.0000". 19 


.0000: 


.0000  .0001 


.0070 
.0050 


.0057 


.0000 
.0000 


.0001 


.18 

.21 
.40 
.27 


.26 


1.0 

O.ft 

S.8 

8.0 
1.8 
1.8 

1.7 


Odor,  faintly  vegetable  and  freqaently  also  moaldy,  becoming  somewhat  stronger  on  heating.-— 
No.  18013  was  collected  flrom  a  faacet  at  the  dead  end  of  a  pipe  line;  the  other  samples  were  ooUeeted 
from  the  reservoir. 


Xo.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BARBE. 

Microscopical  Examinalion  of  Water  from  the  Reservoir  of  the  Barre  WaUr 

Company, 

[Namber  of  organianif  per  cubic  centimeter.] 


189«. 


Feb, 


Apr. 


June. 


Aof. 


Oct 


Day  of  •xftmination,     . 
Homber  of  sample, 

PLANTS. 
Dlatomaoeflo 

Bynedra, 

TabeUarla,       .       .       .       . 

AlgeD«  Soanedeamns,  . 

ANIMALS. 
Bhlsopoda,  DUflngla,     . 

Inftiaorla, 

CUiatfed  infnaoriao, 

DInobryon 

Monaa, 

Peridlninio,     .       .       .       . 
Traebelomonaa, 

Vermes,  Aaplaoehna, 

Ometaoea*      .      •      .      . 

Boemlna, 

Daphnla, 

MUetUanmmtt  ZoOg Icea, 

Total, 


12 
10040 


7 
16867 


8 
16709 


11 
17164 


28 


80 


61 


620 


18 
17028 


86 


20 


21 


Dec. 


9 
18018 


0 

0 

440 

2 

1 
0 

0 
0 

0 
0 

480 

4 

0 
2 

0 
0 

0 

7 

0 

0 

0 

0 

0 

0 

1 

0 

28 

44 

0 

82 

1 

0 
28 
0 
0 
0 

1 

41 
0 
2 
0 

0 
0 
0 
0 
0 

0 
12 

3 
16 

2 

0 
0 

1 

0 
0 

0 

0 

0 

1 

0 

0 

0 

.02 

0 

.84 

0 
0 

0 
0 

.02 
0 

0 
0 

0 
.84 

0 
0 


0 
0 
0 
0 
0 


0 
0 


Water  Supply  of  Belmont. 

(See  Watertown,) 


Water  Supply  of  Beverly. 


(See  Salem,) 
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BnXERICA. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  BiUerica. 

[Parte  per  100,000.] 


• 

g 

Appkabahok. 

• 

Ammovia. 

NlTBOOBV 

• 

1 

4 

u 
1 

• 

s 

e 

AS 

§ 

1 

SO 

• 

a 

1 

1 

i 
■1 

1 

1 

1 

< 

• 

1 

1 

« 

1 

1896. 

17827 

Ang.  20 

Slight. 

BUght, 
sandy. 

.02 

6.80 

.0008 

.0004 

.20 

.0070 

.0000 

.02 

1.0 

.0090 

17870 

Sept.    5 

Distinot, 

Blight. 

.07 

6.70 

.0000 

.0000 

.80 

.0080 

.0000 

.02 

2.8 

.osao 

clayey. 

earthy. 

1 

Odor,  none. The  first  sample  was  collected  from  a  test  well  on  the  west  bank  of  the  Concord  River, 

about  1,600  feet  north  of  *'  Comer  Bridge,"  between  the  villages  of  BiUerica  and  North  BiUerica.  The 
last  sample  was  coUected  from  a  test  well  In  the  valley  of  Content  Brook  in  Bast  BiUerica,  about  400 
feet  west  of  the  road  from  Bast  BUlerica  to  BiUerica  Centre.  These  samples  were  collected  daring  an 
investigation  relative  to  obtaining  a  water  snpply  for  the  town  of  BiUerica. 


No  organisms. 


Microscopical  Examination, 


Water  Supply  of  Boston. 

In  1896  the  town  of  Natick,  the  densely  populated  portion  of  which 
is  situated  within  the  watershed  of  Lake  Cochituate,  completed  a 
system  of  sewage  disposal,  and  a  few  connections  with  the  sewers 
were  made  in  the  latter  part  of  the  year.  The  sewage-disposal  area 
is  close  to  that  used  by  the  town  of  Framingham  for  a  similar  pur- 
pose, and  outside  of  the  limits  of  the  Sudbury  and  Cochituate  water- 
sheds. 

Works  have  also  been  completed  for  the  filtration  of  drainage 
flowing  from  the  underdrain  of  the  Framingham  sewer  system,  which 
was  formerly  discharged  into  one  of  the  tributaries  of  Lake  Cochit- 
uate. A  filtration  area  for  the  disposal  of  this  water  has  been  pre- 
pared not  far  from  the  sewage  pumping  station  and  within  the 
Cochituate  watershed.  The  drainage  may  also  be  diverted  into  the 
sewage-receiving  reservoir  at  the  pumping  station  and  disposed  of 
in  connection  with  the  sewage,  and  a  portion  of  the  drainage  has 
been  disposed  of  in  this  way. 

Work  incidental  to  the  construction  of  Dam  No.  5  and  the  prepa- 
ration of  the  large  area  of  ground  to  be  flowed  by  this  reservoir  has 
unfavorably  afiected  the  quality  of  the  water  of  Stony  Brook  and 
Reservoir  No.  3,  as  in  the  two  previous  years,  and  the  use  of  water 
from  Reservoir  No.  3  has  been  avoided  as  far  as  possible. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON. 

ScDBURV  River  Supply.  —  CAemtcai  Examination  of  Water  from  Indian  Brooke 

at  Head  of  Reservoir  No.  6\  Eopkinton, 

[Parts  per  100,000.] 


• 

s 
2 

1 

Km 

a 
5 
5 

Appearancb. 

IlKSIDUE  ON 

EVAPORA- 

TIOK. 

Auuovtk. 

1 

S 

0.52 

NiTROQBN 
AS 

i 

1 

n 

§ 

o 

e 

O 

t 

s 

«j 

1 

• 

s 

o 
H 

Loss  on 
Ignition. 

1     Albuminoid. 

• 

m 

i 
s 

1 

B 

a 

1 

1 

1 

Sus- 
pended 

S 

15825 

Jaa.  1< 

Slight. 

Slight. 

1.18 

4.85 

S.35 

.0000 

.0216 

.0204 

.0012 

.0080 

.0000 

1.14 

0.9 

15988 

Feb.  3    None: 

V.aUght. 

1.20 

6.45 

2.60 

.0006 

.0214 

.0180 

.0084 

0.46 

.0000 

.0000 

i.og 

1.0 

16170 
1«330 

Mar.  2    Diatlnct. 

,     clayey. 

Apr.  1  1  V.  alight. 

Slight. 

earthy. 
V.  alight. 

0.88 
0.60 

8.25 
2.05 

1.10 
1.35 

.0182 
.0000 

.0226 
.0134 

.0186 
.0116 

.0040 
.0018 

0.21 

1 

0.22 

1 

.0200 
.0050 

.0005 
.0000 

0.49 
0.50 

0.6 
0.6 

16523 

May  4    V.  alight. 

Slight. 

1.80 

4.80 

2.75 

.0012 

.0366 

.0350 

.0016 

0.30 

j 

.0020 

.0001 

1.47 

0.6 

16685 

Jane  1  i  SUght. 

SUght. 

2.60 

6.55 

4.00 

.0004 

.0636 

.0506 

.0030 

0.30 

.0000 

.0000 

2.09 

1.3 

16880 

July  1    V.aHght. 

Blight. 

1.20 

7.40 

3.76 

.0060 

.0898 

.0862 

.0086 

0.80 

.0080 

.0002 

- 

1.7 

1T108 

Ang.  3    Slight. 

BUght. 

0.02 

6.76 

2.70 

.0010 

.0284 

.0260 

.0084 

0.72 

.0060 

.0001 

1.27 

1.7 

17m 

Sept.  1    Decided. 

SUght. 

1.80 

6.40 

8.25 

.0004 

.0474 

.0434 

.0040 

0.48 

.0000 

.0001 

1.99 

1.8 

17595 

Oct.   1    Slight. 

V.  alight. 

1.50 

0.56 

6.00 

.0006 

.0486 

.0476 

.0010 

1.06 

.0080 

.0001 

2.57 

2.4 

insB 

Not.  2 , 

V.  alight. 

V.aUght. 

2.00 

7.25 

4.60 

.0004 

.0378 

.0852 

.0026 

0.66 

.0080 

.0000 

2.85 

1.9 

mtz 

Dee.  1 

1 

None. 

V.aUght. 

1.40 

6.20 

8.20 

.0004 

.0834 

.0204 

.0040 

0.78 

.0030 

.0000 

.1.78 

1.2 

Averages  by  Years. 


- 

1804 

- 

- 

2.16 

6.58 

8.38 

.0014 

.0^23 

.0300 

.0024 

.64 

.0018 

.0000 

1.78 

1.6 

- 

1895 

- 

- 

1.72 

6.17 

8.28 

.0008 

.0368 

.0327 

.0081 

.66 

.0029 

.0000 

1.84 

1.0 

- 

1896 

1 

- 

^ 

1.87 

6.96 

8.05 

.0020 

1 

.0837 

.0309 

.0028 

.60 

.0089 

.0001 

1.52 

1.8 

Son  to  analyaes  of  1896 :  Odor,  dUtinetly  vegetable  and  freqaently  also  moaldy,  becoming  aome- 
viut  stronger  on  heating.— The  Munplea  were  collected  from  the  brook,  at  ita  entrance  to  Reservoir 
Ko.6. 


Microscopical  Examination, 

The  average  number  of  organiama  per  cable  centimeter  found  in  these  aamplei  waa  86. 
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BnXERICA. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Billerica. 

[Parts  per  100,000.] 


• 

Appbaiamob. 

i 

Ammovia. 

NlTBOOKV 

• 

•2 

J 

A8 

• 

a 

^5 
1 

1 

1 

i 
■1 

1 

u 

1 

1 

1 

e 
■g 

f 

• 

1 
1 

o 

• 

s 
1 

« 

a 

• 

1 

1896. 

17827 

Aug.  29 

BUght. 

BUght, 
sandy. 

.02 

6.80 

.ooot 

.0004 

.20 

.0070 

.0000 

.02 

1.9 

.0080 

17870 

Sept.    5 

Distinct, 
clayey. 

Slight, 
earthy. 

.07 

6.70 

.0000 

.0000 

.80 

.0080 

.0000 

.02 

2.8 

.0820 

Odor,  none. The  first  sample  was  collected  from  a  test  weU  on  the  west  bank  of  the  Concord  River, 

about  1,600  feet  north  of  **  Comer  Bridge,"  between  the  villages  of  Billerica  and  North  Billerica.  The 
last  sample  was  collected  from  a  test  well  in  the  valley  of  Content  Brook  In  East  Billerica,  about  400 
feet  west  of  the  road  from  Bast  BUlerica  to  Billerica  Centre.  These  samples  were  collected  daring  an 
investigation  relative  to  obtaining  a  water  supply  for  the  town  of  Billerica. 


No  organisms. 


Microscopical  Examination, 


Water  Supply  of  Boston. 

In  1896  the  town  of  Natick,  the  densely  populated  portion  of  which 
is  situated  within  the  watershed  of  Lake  Cochituate,  completed  a 
system  of  sewage  disposal,  and  a  few  connections  with  the  sewers 
were  made  in  the  latter  part  of  the  year.  The  sewage-disposal  area 
is  close  to  that  used  by  the  town  of  Framingham  for  a  similar  pur- 
pose, and  outside  of  the  limits  of  the  Sudbury  and  Cochituate  water- 
sheds. 

Works  have  also  been  completed  for  the  filtration  of  drainage 
flowing  from  the  underdrain  of  the  Framingham  sewer  system,  which 
was  formerly  discharged  into  one  of  the  tributaries  of  Lake  Cochit- 
uate. A  filtration  area  for  the  disposal  of  this  water  has  been  pre- 
pared not  far  from  the  sewage  pumping  station  and  within  the 
Cochituate  watershed.  The  drainage  may  also  be  diverted  into  the 
sewage-receiving  reservoir  at  the  pumping  station  and  disposed  of 
in  connection  with  the  sewage,  and  a  portion  of  the  drainage  has 
been  disposed  of  in  this  way. 

Work  incidental  to  the  construction  of  Dam  No.  5  and  the  prepa- 
ration of  the  large  area  of  ground  to  be  flowed  by  this  reservoir  has 
unfavorably  afiected  the  quality  of  the  water  of  Stony  Brook  and 
Reservoir  No.  3,  as  in  the  two  previous  years,  and  the  use  of  water 
from  Reservoir  No.  3  has  been  avoided  as  far  as  possible. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON. 

SoDBDRY  River  Supply.  —  CAemtcai  Examination  cf  Water  from  Indian  Brook, 

at  Head  of  Reservoir  No.  6,  Hopkinton, 

[ParU  per  100,000.] 


Date  of  Collection. 

1 

Appearamcb. 

Kesiduk  on 
Evapora- 
tion. 

Ammonia. 

•           Chlorine. 

Nitrogen 

AS 

i 

i 

an 

§ 

o 

e 

1 

i 

s 

«J 

1 

• 

Loss  on 
Ignition. 

♦ 

Albuminoid. 

1 

1 

1 

>5 

1 

■2 
1 

Sus- 
pended 

•i 

S 

e 

1 

« 

16825 

1896. 

Jan.    1 

Slight. 

Slight. 

1.18 

4.85 

2.35 

.0000 

.0216 

.0204 

.0012 

.0080 

.0000 

1.14 

0.9 

15988 

Feb.  3 

Nonel 

V.aUghl. 

1.20 

5.45 

2.50 

.0006 

.0214 

.0180 

.0084 

0.46 

1 

.0000 

.0000 

1.09 

1.0 

16170 
16339 

Mar.  2 
Apr.  1 

DJatlnct, 

clayey. 

V.  alight. 

Slight. 

earthy. 
V.  alight. 

0.88 
0.60 

8.25 
2.95 

1.10 
1.35 

.0132 
.0000 

.0226 
.0134 

.0186 
.0116 

.0040 
.0018 

0.21 
0.22 

.0200 
.0050 

.0005 
.0000 

0.49 
0.50 

0.5 
0.6 

16523 

May   4 

V.  alight. 

SUght. 

1.80 

4.80 

2.75 

.0012 

.0366 

.0350 

.0016 

0.30 

.0020 

.0001 

1.47 

0.6 

16695 

Jane  1 

Slight. 

Slight. 

2.50 

6.55 

4.00 

.0004 

.0536 

.0506 

.0080 

0.30 

.0000 

.0000 

2.09 

1.3 

16899 

July  1 

V.  alight. 

Slight. 

1.20 

7.40 

8.75 

.0060 

.0898 

.0862 

.0086 

0.30 

.0080 

.0002 

- 

1.7 

17109 

Aag.  3 

Slight. 

Slight. 

0.92 

6.75 

2.70 

.0010 

.0284 

.0250 

.0084 

0.72 

.0050 

.0001 

1.27 

1.7 

17833 

Sept.  1 

Decided. 

SUght. 

1.80 

6.40 

8.25 

.0004 

.0474 

.0484 

.0040 

0.48 

.0000 

.0001 

1.99 

1.8 

17565 

Oct.    1 

Slight. 

V.  alight. 

1.50 

9.56 

5.00 

.0006 

.0486 

.0476 

.0010 

1.06 

.0080 

.0001 

2.57 

2.4 

17759 

Nov.  2 

V.  alight. 

V.iUght. 

2.00 

7.25 

4.60 

.0004 

.0378 

.0852 

.0026 

0.66 

.0030 

.0000 

2.85 

1.9 

17973 

Deo.  1 

None. 

V.  alight. 

1.40 

6.20 

8.20 

.0004 

.0834 

.0294 

.0040 

0.73 

.0080 

.0000 

,1.78 

1.2 

Averages  by  Tears. 


— 

1894 

- 

- 

2.16 

6.58 

8.38 

1.0014 

1 

.0^23 

.0300 

.0024 

.54 

.0018 

.0000 

1.78 

1.6 

- 

1895 

- 

- 

1.72 

6.17 

8.28 

.0008 

1 

.0358 

.0327 

.0031 

.56 

.0029 

.0000 

1.84 

1.0 

- 

1896 

- 

to 

1.87 

5.95 

3.05 

,.0020 

.0337 

.0309 

.0028 

.50 

.0039 

.0001 

1.52 

1.8 

NoTB  to  analyses  of  1896 :  Odor,  distinctly  vegetable  and  frequently  also  mouldy,  becoming  some- 
what stronger  on  heating. The  samples  were  collected  from  the  brook,  at  its  entrance  to  Reservoir 

No.  6. 


Microscopical  Examination, 

The  average  namber  of  organisms  per  cable  centimeter  found  in  these  samples  waa  86. 
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BOSTON. 

Sudbury  River  Supply.—  Chemical  Examination  of  Water  Jrom  Reservoir  No, 

Ashland,  collected  near  the  Surface, 

[ParU  per  100,000.] 


6, 


, 

s 

o 

••* 

v 

<y 

S 

o 

O 

o 

s 

s 

a 

«  ' 

'A 

p 

15826 

189«. 

Jao.  1 

15089 

Feb.  3 

leni 

Mar.  2 

16340 

Apr.  1 

16524 

May  4 

16606 

Jane  1 

16000 

July  1 

17110 

Ang.  8 

17334 

Sept.  1 

17566 

Oct.  1 

17760 

Nov.  2 

17974 

Deo.  1 

Appearakcb. 


I 

3 
H 


•J 

e 

I 


Slight. 

y.  Blight. 

Dlsttnct, 

clayey. 

Distinct. 

DUtlnot. 

Distinct. 

Slight. 

Distinct, 

brown. 

Distinct. 

Distinct. 

DisUnct. 

Distinct, 
brown. 


o 


RUSIDOE  ON 

EVAPORA- 

TIOK. 


n 

o 


e 


3 


Slight. 

1.06 

4.35 

Slight. 

1.00 

4.40 

Slight. 

0.75 

3.65 

Slight. 

0.70 

3.70 

Slight. 

0.60 

8.35 

SUght. 

0.55 

3.85 

Slight. 

0.60 

3.65 

Slight. 

0.45 

8.45 

Slight. 

0.38 

8.80 

Cons. 

0.30 

8.50 

Slight. 

0.40 

3.85 

Slight. 

0.90 

5.35 

2.30 
2.25 
1.55 
1.70 
1.40 
1.55 
1.75 
1.55 
1.60 
1.20 
1.85 
2.20 


Ammonia. 

Albuminoid. 

. 

1 

1 

si 

S 

H 

Q   CO 

.0050 
.0040 
.0048 
.0010 
.0014 
.0000 
.0010 
.0008 
.0008 
.0006 
.0000 
.0006 


NiTROGBK 
AS 


I 

s 


.0250 

.0238 

.0012 

.38 

.0050 

.0228 

.0204 

.0024 

.28 

.0050 

.0206 

.0180 

.0026 

.19 

.0030 

.0164 

.0130 

.0034 

.24 

.0070 

.0174 

.0144 

.0060 

.24 

.0050 

.0154 

.0184 

.0020 

.31 

.0050 

.0172 

.0156 

.0014 

.30 

.0050 

.0188 

.0142 

.0046 

.34 

.0060 

.0228 

.0164 

.0064 

.34 

.0000 

.0240 

.0102 

.0048 

.34 

.0030 

.0238 

.0180 

.0068 

.44 

.0020 

.0260 

.0208 

.0022 

.52 

.0030 

.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0001 
.0001 
.0001 
.0001 
.0001 
.0000 


6 

s 

m 

e 
o 


o 


1.25 
0.94 
0.67 
0.62 
0.60 
0.57 

0.61 
0.60 
0.50 
0.67 
0.92 


0.9 
0.9 
0.6 
0.8 
0.8 
0.5 
0.8 
0.7 
0.8 
1.0 
1.1 
1.6 


Averages  by  Tears, 


- 

1894 

- 

- 

0.70 

8.93 

1.59 

.0013 

.0191  .0166 

.0025 

.40 

1 
L0040 

.0001 

0.75 

1.2 

- 

1895 

- 

- 

0.73 

4.15 

1.86 

.0017 

.0239  .0210 

.0029 

.40 

.0048 

.0000 

0.76 

1.3 

- 

1896 

- 

- 

0.64 

8.86 

1.74 

.0017 

.0208 

.0175 

.0033 

.32 

'.0040 

1 

.0001 

0.71 

0.9 

NoTK  to  analyses  of  1896 :  Odor,  vegetable  and  occasionally  monldy,  becoming  somewhat  stronger  on 
heating.    The  iron  was  determined  in  eleven  samples,  the  average  amount  found  being  .0155  parts 

per  100,000. The  samples  were  collected  from  the  reservoir,  near  the  dam.    For  monthly  record  of 

height  of  water  in  this  reservoir,  tee  table  at  end  of  Boston  analyses. 
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BOSTON. 

SuDBCRT  River  Supply. — Microscopical  Examination  of  Water  from  Reservoir 

No.  6t  Ashland,  collected  near  the  Surface, 

[N'nmber  of  organifmt  per  oabto  oentlmeter.] 


189«. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


Jaly. 


Aug. 


Sept. 


Oct 


Not. 


Dec 


Day  of  examinatlOD, 
Knmber  of  aample,  • 


3 

16826 


8 


8 


159891617116840 


6 

16524 


2 
16006 


s 

4 

2 

2 

8 

itooo 

17110 

1738417666 

17760 

IS 

504 

348 

878 

254 

8 

0 

0 

8 

56 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

2 

8 

12 

604 

348 

848 

184 

0 

0 

44 

4 

0 

0 

0 

42 

0 

0 

0 

0 

2 

4 

0 

890 

68 

90 

28 

n 

0 

0 

2 

0 

10 

84 

0 

0 

0 

0 

206 

68 

88 

20 

0 

10 

0 

0 

8 

12 

2 
17974 


PLANTS. 

Dlatoxnaoeflo 

Cyolotella, 

Diatoma 

Melotlra,    .       •       .       .       . 

Meridloo, 

StephaoodiscQi, 

Synedra, 

Tabellaria 

Oyanophycee^ 

Anabnna, 

ClaUurooy8Ua»    .... 

Alff8B 

Arthrodeemai 

CoBlaatram,  •  .  •  . 
Protoooccufl,  .... 
Haphldiam,       •       •       •       . 


8 

8 

1 

7 

88 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

2 

0 

0 

0 

0 

0 

0 

4 

6 

0 

0 

0 

0 

0 

0 

1 

1 

8 

44 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

8 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

8 

0 

0 

2 

78 

0 
0 
0 
0 
0 
0 
76 


4 
0 


18 

6 
0 
0 
8 


8 
0 
0 
U 
0 
1 
3 


0 
0 


1 
0 
2 
0 


ANIMALS. 
Bhiaopoda,  Aotloophrya, 


Intosoris. 


OodoDella, . 
DiDobryon, 
Mallomonai, 
PeridlniQint 


Vermes.  Anarea, 


Orustaoea.  Oyolope, . 


0 
0 

0 

1 


0 
0 
0 

1 


0 
0 
0 
0 


0 
0 


0 
0 
0 
8 


0 
.08 


0 

12 

0 

12 

0 

0 

0 
0 


2 

0 

0 

0 

2 

29 

8 

18 

0 
0 
1 

1 

0 

0 

1 

28 

0 
0 
6 
2 

2 
14 

0 
2 

2 

0 

0 

0 

.02 

0 

0 

0 

80 

0 
60 

0 
20 


0 
0 


26 

0 

0 

0 

26 


0 
0 


MUceUaneous, 

Acarlna, 
Zodglosa, 

Total, 


0 
0 


0 
0 


0 
0 


20 

.06 
20 


10 

0 
10 


.02 

4 


0 
5 


50 

0 
50 


40 

0 
40 


70 

0 
70 


50 

0 
50 


11 


12 


93 


115 


415 


606 


540 


468 


426 


86 


100 
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BOSTON. 

Sudbury  River  Supply. —  Chemical  Examination  of  Water  from  Reservoir 

No,  6,  Ashland,  collected  near  the  Bottom. 

[Parte  per  100,000.] 


u 

I 

o 


a 


a 


15827 
15990 
16341 
16525 
16697 
16001 
17111 
17335 
17567 
17761 
17976 


1896. 

Jan.   1 

Feb.  8 
Apr.  1 
May  4 
Jane  1 
July  1 
Aug.  8 
Sept.  1 
Oct.  1 
Nov.  2 
Deo.  1 


Afpearaxcs. 


e 


o 


Slight. 

Slight. 

Slight. 

SUght. 

Slight. 

SUght. 

Distinct. 

SUght. 

Slight. 

Slight. 

Slight. 

SUght. 

SUght. 

Slight. 

Distinct. 

Slight. 

Distinct. 

Cons. 

Slight. 

SUght. 

Slight, 
brown. 

SUght. 

1.08 
1.00 
0.70 
0.60 
0.55 
0.50 
0.47 
0.40 
0.80 
0.40 
0.90 


Residue  on 

EVAPORA- 
TIOK. 


I 


4.85 
4.80 
3.65 
8.80 
8.85 
8.55 
8.50 
3.90 
8.25 
8.85 
5.05 


11 


2.05 
2.55 
1.50 
1.55 
1.45 
1.75 
1.60 
1.60 
1.10 
1.00 
2.25 


Ammohu.. 


Albamiuoid. 


I 


I 

an 


.0024 
.0022 
.0020 
.0024 
.0010 
.0022 
.0012 
.0008 
.0000 
.0000 
.0004 


.0284 
.0220 
.0214 
.0158 
.0120 
.0154 
.0110 
.0202 
.0214 
.0212 
.0288 


.0222 
.0208 
.0170 
.0144 
.0102 
.0126 
.0100 
.0180 
.0174 
.0170 
.0210 


.0012 
.0012 
.0044 
.0014 
.0018 
.0028 
.0010 
.0022' 
.0040 
.0042 
.0028 


c 

a 

■c 

I 


.82 
.32 
.28 
.24 
.30 
.80 
.35 
.84 
.85 
.44 
.56 


NiTSOOBN 
▲8 


I 


I 


.0050 
.0050 
.0070 
.0070 
.0080 
.0070 
.0050 
.0000 
.0030 
.0050 
.0080 


.0000 
.0000 
.0001 
.0001 
.0000 
.0001 
.0002 
.0001 
.0001 
.0000 
.0001 


•2 
s 

0 

« 

I 


1. 

1, 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 


06 
09 
61 
54 

,56 

70 
56 
50 
61 
92 


i 


0.0 
0.9 
0.8 
0.7 
0.6 
0.7 
0.8 
0.8 
1.4 
1.1 
1.7 


Averages  by  Years. 


1894* 

-. 

- 

1.01 

4.08 

1.78 

.0082 

.0175 

.0149 

.0026 

.38 

1.0026.0004 

0.67 

1895 

- 

- 

0.75 

4.88 

1.94 

.0086 

.0204 

.0181 

.0023 

.41 

.0064 

.0001 

0.77 

1896 

- 

- 

0.63 

8.82 

1.75 

.0018 

.0189 

.0164 

.0025 

.85 

.0050 

.0001 

0.71 

*  April  to  December. 


1.2 
1.8 
0.9 


Note  to  analyses  of  1896 :  Odor,  faintly  vegetable,  becoming  stronger  on  heating.   The  Iron  was 

determined  in  all  the  samples,  the  average  amount  In  parte  per  100,000  being  .0171. The  samples 

were  collected  from  the  reservoir,  near  the  dam.  •  For  monthly  record  of  height  of  water  in  this  reservoir, 
see  table  at  end  of  Boston  analyses. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON. 

Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  Jrom  Reservoir 

No.  6,  Ashland,  collected  near  the  Bottom. 

[Number  of  organitme  per  cable  centimeter.] 


J/iscellaneottt,  ZoSglcsa, 


Total, 


1896. 


Jan. 


Feb. 


AprlL 


May. 


Day  of  examination,       .... 
K amber  of  sample 

PLANTS. 
DiatoxnacesB, 

Cyclotella 

Navlcala . 

Stephanodltcaa,        .       .       .       . 

Synedra, 

Tabellaria 

Cyanophyceee,  Anabeena, 

Alffee, 

Arthrodesmaa, 

ProtococouB,      .       .        .        .        . 
Itaphldium 

ANIMALS. 
Infusoria 

Codonella 

Dinobryon, 

Mallomonat, 

Ferldinlum 

Vortlcella, 

Vermes 

Annrea, 

Rotifer, 

Crustacea,  Entomoatracan  ova, 


2 

15827 


4 
15000 


8 
16341 


5 
16525 


Jnne. 


July. 


Aag. 


Sept 


Oct. 


Nov, 


Deo. 


2 
16607 


2 

16001 


4 
17111 


17885  17667 


8 
17761 


2 
17975 


2 

1 

89 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

1 

86 

0 

0 

2 

0 

0 

0 

2 

8 

1 

2 

1 

0 

0 

0 

1 

0 

2 

0 

18 

0 
2 
0 
8 
8 


0 
0 
1 


0 
0 
0 
2 
0 


0 
0 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


0 
0 
0 
0 
0 


0 
0 


0 
0 
0 

1 

0 


0 
0 
0 


49 

8 

227 

292 

208 

1 

8 

0 

0 

10 

0 

0 

2 

0 

0 

0 

0 

0 

0 

6 

0 

1 

0 

0 

20 

48 

4 

225 

202 

172 

0 

0 

22 

0 

0 

48 

1 

70 

14 

18 

2 

0 

2 

0 

4 

46 

1 

68 

6 

2 

0 

0 

0 

8 

10 

2 

1 

2 

10 

14 

87 

0 

0 

0 

0 

2 

0 

1 

0 

2 

0 

10 

82 

0 

1 

0 

8 

0 

0 

0 

0 

0 

2 

2 

5 

1 

0 

0 

0 

0 

0 

0 

7 

0 

1 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

10 


14 


10 


60 


10 


40 


14 


8 


112 


21  870 


40 


860 


40 


301 


20 

14 
0 
0 

4 
2 


0 
0 

4 


38 

0 
0 
0 
88 
0 


0 
0 


60 


122 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examinalion  of  Water  from  Cold  Spring 

Brooke  at  Head  of  Reservoir  No.  4,  Ashland* 

[PftrU  per  100,000.] 


15828 
15901 
16179 
16842 
16526 
16698 
16002 
17112 
17336 
17571 
17763 
17976 


d 


S 
& 


189«. 

Jan.  1 

F«b.  8 
Mar.  2 
Apr.  1 
May  4 

Jane  1 
Jaly  1 
Aag.  3 
Sept.  1 
Oct.  1 
Nov.  2 
Dec.  1 


Appeakakcs. 


a 


Slight. 

Slight. 

Distinct, 

clayey. 

V.  Blight. 

Slight. 

V.  alight. 

Slight. 

V.  slight. 

V.  slight. 

Blight. 

None. 

V.  slight. 


a 

4> 


o 


SUght. 

Slight. 

SUght. 

V.sUght. 

Blight. 

Slight. 

Slight. 

Slight. 

V.  slight. 

Com. 

V.  slight. 

V.  slight. 


Residuk  on 

EVAPORA- 
TIOX. 


I 


a 


3 


1.30 

4.45 

1.00 

4.20 

0.75 

8.15 

0.70 

8.00 

1.70 

4.75 

1.40 

4.45 

1.30 

4.20 

0.90 

4.40 

0.53 

4.20 

1.20 

6.15 

1.80 

7.05 

1.45 

6.00 

2.85 
1.90 
1.40 
1.05 
2.55 
2.40 
2.85 
1.85 
1.65 
8.15 
4.05 
8.75 


AXMOKIA. 


Albuminoid. 

t 

"2 

f, 

i 

1 

Jig 

£ 

o 

JS 

a  a 

s 

H 

a 

00 

.0004 
.0008 
.0000 
.0000 
.0016 
.0006 
.0016 
.0004 
.0020 
.0044 
.0004 
.0006 


.0254 
.0186 
.0204 
.0160 
.0342 
.0270 
.0348 
.0248 
.0176 
.0442 
.0386 
.0406 


.0244 
.0164 
.0106 
.0138 
.0304 
.0232 
.0820 
.0222 
.0154 
.0414 
.0352 
.0380 


.0010 
.0022 
.0008 
.0022 
.0038 
.0038 
.0028 
.0026 
.0022 
.0028 
.0034 
.0026 


Mr 

I 

g 


.24 
.24 
.10 
.16 
.24 
.21 
.19 
.28 
.31 
.34 
.35 
.48 


NiTROOKK 
AS 


I 


s 


.0000 
.0070 
.0050 
.0030 
.0060 
.0000 
.0020 
.0030 
.0080 
.0050 
.0050 
.0080 


.0000 
,0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 


I 

« 
8 

d 

I 

o 


1.56 
0.87 
0.66 
0.61 
1.82 
1.14 

0.81 
0.46 
1.67 
2.06 
2.26 


4 

S 

e 


0.9 
0.8 
0.3 
0.5 
1.3 
0.8 
1.1 
l.l 
1.1 
1.5 
1.7 
1.4 


Averages  by  Tears. 


1 

1889* 

- 

- 

2.24 

- 

- 

.0025 

.0410 

.0385 

1 
.0025 

.28 

.0056 

.0001 

- 

1890 

- 

- 

0.91 

4.48 

2.01 

.0011 

.0243 

.0210 

.0083 

.24 

.0090 

.0001 

- 

1891 

- 

- 

1.80 

4.87 

2.80 

.0009 

.0297 

.0262 

.0035 

.23 

.0087 

.0001 

- 

1892 

- 

- 

1.44 

5.15 

2.57 

.0003 

.0806 

.0266 

.0042 

.25 

.0068 

.0001 

- 

1808 

- 

- 

1.23 

4.52 

3.16 

.0013 

.0248 

.0212 

.0036 

.26 

.0081 

.0001 

0.98 

1884 

- 

- 

1.44 

4.94 

2.42 

.0007 

.0237 

.0214 

.0023 

.31 

.0048 

.0000 

1.20 

1895 

- 

- 

1.10 

4.70 

S.45 

.0006 

.0285 

.0261 

.0024 

.82 

.0084 

.0000 

1.16 

1896 

- 

- 

1.17 

4.74 

2.87 

.0011 

.0285 

.0260 

.0025 

.26 

.0084 

.0000 

1.21 

1.5 
1.8 
1.2 
1.8 
1.2 
1.2 
1.0 


*  Jane  to  December. 

NoTS  to  analyses  of  1896 :  Odor,  generally  distinctly  vegetable  and  monldy,  becoming  stronger  on 
heating. The  samples  were  collected  from  the  brook,  at  its  entrance  into  Reservoir  No.  4. 


Microscopical  Examination. 

The  average  number  of  organisms  per  cubic  centimeter  foond  in  these  samples  was  57. 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir 

No,  4,  Ashland, 

[Pftrto  per  100,000  ] 


is 
a 

0 
7i 


i 


2 
& 


15829 
li>092 
16172 
16527 
16528 
16000 
16003 
10904 
17113 
17337 
17572 
17764 
179n 


1896. 

Jan.  1 

Feb.  8 
Mar.  2 
May  4 
May  4 
Jane  1 
July  1 
Jaly  1 
Aug.  3 
Sept.l 
Oct.  1 
Nov.  2 
Deo.  1 


Appbaramcb. 


1 


^ 


Slight. 

BUght. 

Sliffbt, 

clayey. 
Blight. 

Blight. 

Dietinot. 

Diitinot. 

Dletinct. 

Distinct. 

Blight. 

Distinct. 

Distinct. 

Blight. 


a 


BUght. 

Blight. 

Blight. 

Blight. 

Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Cons. 

Blight. 


I 


1.05 
1.05 
0.95 
0.80 
0.80 
0.85 
0.75 
0.70 
0,50 
0.35 
0.37 
0.75 
0.87 


Residuk  on 

BVAPORA- 

TION. 

H 

Loss  on 
IgnJtlon. 

4.40 

2.25 

4.25 

2.20 

3.65 

1.50 

3.50 

1.00 

3.40 

1.45 

3.30 

1.75 

3.75 

2.05 

8.65 

2.00 

8.45 

1.45 

3.45 

1.55 

3.75 

1.55 

4.50 

2.80 

5.00 

2.35 

Ammonia. 


Albuminoid. 

i 

•o 

1 

•S 

t 

3 

;.S 

JB 

o 

JS 

a  0, 

* 

H 

o 

QQ 

.0010 
.0018 
.0016 
.0024 
.0020 
.0000 
.0008 
.0004 
.0002 
.0002 
.0006 
.0000 
.0006 


.0292 
.0266 
.0240 
.0238 
.0188 
.0202 
.0210 
.0202 
.0190 
.0230 
.0254 
.0248 
.0200 


.0276 
.0248 
.0226 
.0204 
.0178 
.0160 
.0170 
.0174 
.0176 
.0192 
.0198 
.0230 
.0246 


.0016 
.0018 
.0014 
.0034 
.0010 
.0042 
.0040 
.0028 
.0014 
.0038 
.0056 
.0018 
.0044 


ll 


.27 
.24 
.17 
.26 
.25 
.26 
.24 
.22 
.26 
.80 
.26 
.28 
.40 


NiTROGBN 
AS 


.0030 

.0050 
.0050 
.0070 
.0050 
.0000 
.0000 
.0020 


.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


.0030  .0000 


.0080 
.0000 
.0000 
.0000 


.0001 
.0000 
.0000 
.0000 


l! 


I 


1.23 
1.36 
0.86 
0.70 
0.70 
0.76 


0.62 
0.56 
0.61 
0.96 
1.42 


1.1 
1.0 
0.8 
0.8 
0.8 
0.6 
0.9 
0.6 
0.8 
1.1 
0.8 
1.2 
1.8 


Averages  by  Years. 


1887* 

- 

0.74 

8.71 

1.51 

.0005 

.0246 

- 

- 

.25 

1888 

- 

- 

0.72 

3.83 

1.70 

.0007 

.0277 

- 

- 

.22 

1889 

- 

- 

0.85 

3.48 

1.50 

.0016 

.0251 

.0218 

.0033 

.28 

1890 

- 

- 

0.01 

8.67 

1.40 

.0008 

.0222 

.0191 

.0031 

.24 

1891 

- 

- 

0.63 

8.24 

1.65 

.0006 

.0187 

.0156 

.0031 

.20 

1S9» 

- 

- 

0.64 

8.60 

1.62 

.0002 

.0200 

.0168 

.0032 

.23 

1893 

- 

- 

0.77 

3.54 

1.68 

.0024 

.0206 

.0178 

.0038 

.23 

1894 

- 

- 

0.83 

4.00 

1.73 

.0027 

.0202 

.0180 

.0022 

.29 

1895 

- 

- 

0.89 

4.22 

2.04 

.0015 

.0246 

.0223 

.0023 

.32 

1896t  , 

- 

- 

0.76 

3.90 

1.86 

.0008 

.0239 

.0210 

.0029 

.27 

.0083 
.0054.0001 
.0068.0002 
.0096.0001 
.0062  .0001 


.0061 
.0048 
.0045 
.0052 


.0001 
.0001 
.0001 
.0000 


.0024.0000 


0.68 
0.78 
0.90 
0.91 


1.7 
0.9 
1.1 
1.0 
1.1 
1.1 
0.9 


*  Jane  to  December. 

t  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has  been 
need  in  making  the  average. 

NoTB  to  analyses  of  1896 :  Odor*  vegetable;  generally  stronger  on  heating.  The  iron  was  determined 
in  nine  samples,  the  averatte  amoant  In  parts  per  100,000  being  .0138— >  The  samples  were  collected 
from  the  reservoir,  near  the  gate-hoase.  Nos  16172, 16528  and  16904  were  collected  8  feet  benesth  the 
anrfaee,  and  the  others  1  foot  beneath  the  surface.  Vor  monthly  record  of  height  of  water  in  this  reser> 
voir,  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

Sudbury  River  Supply. — Microscopical  Examination  of  Water  from  Reservoir 

No,  4,  Ashland, 

[Number  of  organitms  per  cabio  centimeter.] 


1896. 

Jan. 

Feb. 

Mar. 

May. 

May. 

June. 

July. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  ezaminatioD,    • 
Number  of  sample,      .       . 

2 

15829 

4 
15992 

8 
16172 

5 
16527 

6 
16528 

2 
16699 

2 

16903 

2 
16904 

4 
17113 

2 
17337 

2        8 
17672  17764 

2 
17977 

PLANTS. 
DiatomaceeB, .      . 

Aaterionella,  .  . 
Cyclotella, 
Diatoma,  .  . 
Fragllnria,  . 
Meloffira,  .  . 
Moridlon,  •  . 
Navlcula, 

Btepbnnodiacua,     . 
Bynedra, . 
Tabellaria,      . 


AlffSB, 


Protococcos,  . 
Kaphidlum,    . 


88 

56 

87 

57 

82 

295 

88 

57 

11 

18 

14 

200 

0 

0 

8 

0 

0 

64 

0 

0 

0 

0 

0 

0 

85 

0 

2 

0 

0 

228 

80 

62 

9 

11 

4 

132 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

0 

0 

0 

8 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

.  0 

0 

0 

0 

0 

1 

1 

2 

2 

0 

20 

1 

28 

8 

0 

0 

0 

0 

0 

0 

2 

48 

86 

4 

28 

20 

1 

0 

0 

1 

4 

2 

64 

0 

0 

7 

0 

2 

2 

0 

6 

0 

0 

2 

0 

2 

0 

1 

0 

1 

0 

0 

5 

10 

0 

0 

4 

0 

0 

1 

0 

1 

0 

0 

5 

1 

0 

0 

0 

2 

0 
1 

0 

0 

0 

0 

0 

0 

9 

0 

0 

4 

434 

0 
888 
0 
0 
6 
0 
0 
0 
40 
0 


0 
0 


ANIMALS. 
Bhizopoda,  Actinophrji, 

Infusoria, 


Dlnobryon, 
Mallomonaa, 


Vermes, 


Anurea,  . 
Kotatorlan  ova 
Rotifer,   . 


Crustacea, 

Boamina, 
Cyclops, , 
Daphnia, 


0 

0 

0 

0 

0 

0 

2 

8 

0 

0 

0 

0 

0 

0 

4 

2 

2 

0 

0 

2 

2 

0 

0 

0 

0 
0 

0 
0 

4 
0 

2 
0 

1 
1 

0 
0 

0 
0 

0 
2 

0 
2 

0 
0 

0 
0 

0 
0 

0 

1 

0 

8 

1 

0 

0 

0 

1 

0 

2 

0 

0 
0 
0 

0 

1 

0 

0 
0 
0 

2 
0 

1 

0 
0 

1 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
1 
0 

0 
0 
0 

0 
0 
2 

0 
0 
0 

0 

0 

0 

0 

0 

.08 

.06 

.08 

0 

0 

0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

.08 

.02 

.04 

0 

0 
.04 
.04 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 


0 
0 
0 


0 
0 
0 


Mlscellaneoui, 

Acarina,  . 
Zoogloea, 


10 

0 

0 

0 

0 

40 

8 

2 

10 

80 

20 

5 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

10 

0 

0 

0 

0 

40 

8 

2 

10 

30 

20 

6 

Total,    . 


95 

57 

42 

62 

86 

885 

93 

69 

84 

48 

86 

209 

15 

0 
15 


449 
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BOSTON. 

Sudbury  Riyeb  Supply.—  Chemical  Examination  of  Water  from  Reservoir 

No.  4,  Ashland^  collected  near  the  Bottom, 

[Parts  per  100,000.] 


B 

a 

•A 


B 
O 


U 

O 

Si 

el 

a 


1&993 
16173 
16344 
16700 
17114 
17338 
17678 
17766 
17978 


1896. 

Feb.  3 

Mar.  2 
Apr.  1 
Jone  1 
Aug.  3 
Sept.  1 
Oct.  1 
Nov.  2 
Dec.  1 


APPKABA17CS. 


«1 

C 


Blight. 
Slight. 
Slight. 

Slight, 

fibrous. 
Distinct, 

clayey. 
Slight. 

Distinct. 

Distinct. 

Slight. 


Slight. 

Slight. 

Slight. 

Slight. 

fibrous. 
Slight. 

Slight. 

Slight. 

Slight, 

fibrous. 
Slight. 


u 
o 

o 


1.06 
1.10 
0.80 
0.76 
0.60 
0.36 
0.87 
0.72 
0.87 


Resipub  on 

Evapora- 

tion. 

• 

§ 

i 

i- 

I 

S 

4.25 

2.20 

4.65 

2.10 

3.70 

1.80 

3.85 

1.00 

8.55 

1.46 

8.86 

1.60 

3.70 

1.60 

4.60 

2.20 

4.06 

2.25 

Ammonia. 


Albuminoid. 


I 


9i 


1 


I  s 

w  o 

s  a 

GO 


.0030 
.0034 
.0010 
.0012 
.0016 
.0006 
.0000 
.0000 
.0002 


.0232 
.0242 
.0108 
.0160 
.0168 
.0188 
.0234 
.0234 
.0274 


.0208 
.0226 
.0180 
.0144 
.0134 
.0164 
.0208 
.0180 
.0230 


.0024 
.0016 
.0018 
.0016 
.0024 
.0024 
.0026 
.0064 
.0044 


6 
B 

u 
o 


.21 
.10 
.22 
.22 
.26 
.28 
.28 
.30 
.38 


Nitrogen 

AS 


I 

e 


2 


.0060 
.0030 
.0070 
.0070 
.0060 
.0030 
.0030 
.0020 
.0000 


.0000 
.0002 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


•g 


5 
o 


1.28 
1.04 
0.75 
0.65 
0.78 
0.63 
0.60 
0.95 
1.44 


S 
I 

el 


1.0 
0.0 
0.0 
0.8 
0.7 
1.1 
0.8 
1.8 
1.3 


Averages  by  Tears, 


1887* 

- 

- 

0.66 

8.81 

1888 

- 

- 

0.72 

4.02 

1889 

- 

- 

0.86 

8.55 

1890 

- 

- 

0.66 

8.97 

18921 

- 

- 

0.48 

8.45 

1893t 

- 

- 

0.66 

4.15 

1896§ 

- 

- 

0.80 

4.07 

1896 

- 

- 

0.73 

4.07 

1.41 
1.70 
1.49 
1.54 
1.45 
1.77 
1.57 
1.89 


.0016 
.0025 
.0028 
.0017 
.0002 
.0024 
.0020 
.0012 


.0281 

- 

- 

.22 

.0060 

- 

- 

.0261 

- 

- 

.28 

.0069 

.0001 

- 

.0224 

.0108 

.0026 

.22 

.0086 

.0002 

- 

.0199 

.0168 

.0081 

.28 

.0120 

.0001 

- 

.0142 

.0108 

.0034 

.26 

.0100 

.0001 

- 

.0187 

.0162 

.0026 

.28 

.0126 

.0000 

0.74 

.0197 

.0188 

.0014 

.80 

.0060 

.0000 

0.82 

.0213 

.0186 

.0027 

.26 

.0039 

.0000 

1 

0.88 

i.e 

1.8 
1.4 

1.1 

1.0 


*  May  to  November.        f  September.        %  February  and  September.        {  July  and  August. 


NoTB  to  analyses  of  1896 :  Odor,  vegetable.    The  iron  was  determined  in  all  the  samples,  the  average 

amount  in  parts  per  100,000  being  .0144. The  samples  were  collected  from  the  reservoir,  near  the 

gate-house.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

SuDBUKY  RiY BB  SupPLT.  —  MtcToscopical  Examination  of  Water  from  JSeservoir 

No,  4,  Ashland,  collected  40  Feet  beneath  the  Surface, 

[Namber  of  organiimi  per  cable  eentimeter.] 


18»6. 


Feb. 


Mar. 


April. 


Jane. 


Aug. 


Sept 


Oct 


Not, 


Dec. 


Day  of  examination 

Number  of  tample, 

PLANTS. 
Diatomaceso 

Cyclotella, 

Navicala •       . 

Btepbanodlscns,        .       .       .       • 

Bynedra, 

Tabellarla 

Alff», 

Protococcns,      •       •       .       .       • 
Raphldlum, 

ANUIALS. 
Infusoria, 

DlDobryon, 

BaKlena,     ...... 

Trachelomonaa,        .... 

Vortlcella, 

VermeSt  Monooerea,   .       .      .      . 

MUcellaneou9t  Zodglma,         ... 

Total,       ...... 


4 
15993 


8 
16173 


8 
16844 


2 
16700 


4 

17114 


2 
17888 


2 
17673 


8 
17766 


2 
17978 


0 

0 

24 

12 

0 


0 
0 


15 

0 

1 

10 

4 
0 


0 
0 


2 
0 
0 
6 
0 


10 

10 
0 


46 

44 

0 
0 
1 
1 


0 
0 


0 
0 

1 
s 

2 


0 
0 


20 

18 
0 
0 
2 
0 


1 

0 


22 

12 

4 
0 
2 

4 


8 

0 
8 


540 

440 
0 
0 

100 
0 


22 

0 
22 


208 

132 

1 

0 

64 

6 


2 
0 


0 

0 

10 

0 

1 

1 

« 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

5 

20 

40 

60 

110 

0 
0 
0 
0 


20 


36 


16 


27 


61 


26 


62 


83 


682 


226 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON. 

ScDBUBY  River  Supply. —  Chemical  Examination  of  Water  from  Sudbury  Biver, 

at  Head  of  Reservoir  No,  2,  Ashland, 

[ParU  per  100»000.] 


• 

5*; 

• 

e 

0 

1 
I 

Km 
O 

■ 

1896. 

15830 

Jan.  1 

15904 

Feb.  8 

16174 

Mar.  2 

18345 

Apr.  1 

16620 

May  4 

16701 

June  1 

16005 

July  1 

17115 

Aug.  3 

17330 

Sept.  1 

17574 

Oct.  1 

17766 

Nov.  2 

17070 

Dec.  1 

Appearakcb. 


1 


(3 
9> 


u 
o 


V.allffbt. 

V.  alight. 

Distinct, 
clayey. 
Blight. 

Distinct, 

green. 

Distinct, 

clayey. 

SUgbt. 

Distinct. 

Slight. 

V.  alight. 

V.  slight. 

V.  alight. 


V.  alight. 

V.  alight. 

Slight, 

earthy. 
Slight. 

Slight. 

Slight, 

brown. 
BUght. 

Cona. 

BUght. 

Slight. 

Cona. 

Blight. 


0.03 
0.00 
0.70 
0.58 
1.00 
0.00 
1.00 
0.57 
0.40 
1.10 
1.00 
1.10 


Residue  on 

EVAPOBA- 

TION. 

• 

1 

Loss  on 
Ignition. 

8.80 

1.55 

4.60 

1.80 

3.50 

1.10 

2.20 

1.00 

4.25 

2.05 

4.05 

1.85 

4.20 

2.00 

4.00 

1.60 

8.76 

1.70 

4.65 

2.50 

5.45 

2.75 

5.20 

2.40 

AMJioinA. 


i 


Albuminoid. 


I 
1 


I 

CO 


I 


NiTEOOBM 
▲8 


5 


.0012 
.0010 
.0022 
.0010 
.0026 
.0028 
.0018 
.0006 
.0000 
.0006 
.0002 
.0004 


i 

s 


o 


o 


OB 


.0104 

.0174 

.0020 

.26 

.0050 

.0000 

1.12 

.0102 

.0182 

.0010 

.22 

.0100 

.0000 

0.03 

.0220 

.0184 

.0086 

.18 

.0070 

.0002 

0.64 

.0130 

.0112 

.0018 

.18 

.0050 

.0001 

0.55 

.0262 

.0248 

.0014 

.87 

.0080 

.0002 

0.82 

.0206 

.0276 

.0020 

.31 

.0070 

.0000 

0.80 

.0244 

.0280 

.0014 

.25 

.0050 

.0001 

- 

.0218 

.0188 

.0080 

.80 

.0050 

.0000 

0.62 

.0104 

.0166 

.0028 

.83 

.0020 

.0000 

0.58 

.0370 

.0608 

.0062 

.21 

.0030 

.0001 

1.12 

.0244 

.0218 

.0026 

.47 

.0070 

.0001 

1.80 

.0364 

.0388 

.0026 

.88 

.0060 

.0000 

1.62 

0.8 
0.0 
0.5 
0.6 
0.0 
0.8 
0.0 
0.0 
1.2 
1.1 
1.4 
1.0 


Averages  by  Tears, 


- 

1887* 

- 

1.18 

5.87 

1.81 

.0021 

.0813 

- 

_ 

.30 

.0170 

- 

- 

- 

- 

1888 

- 

- 

1.10 

4.76 

2.07 

.0018 

.0208 

- 

- 

.20 

.0108 

.0002 

- 

- 

- 

1880 

- 

- 

1.25 

3.62 

1.88 

.0013 

.0204 

.0267 

.0027 

.80 

.0080 

.0002 

- 

- 

- 

1800 

- 

- 

0.82 

5.18 

2.00 

.0014 

.0256 

.0220 

.0086 

.80 

.0185 

.0001 

M 

1.7 

- 

1801 

- 

0.88 

4.85 

1.81 

.0008 

.0274  .0286 

.0038 

1 

.26 

.0112 

.0001 

- 

l.l 

- 

1802 

- 

- 

1.00 

4.71 

2.08 

.0006 

.0247 

.0214 

.0038 

1 

.28 

.0009 

.0001 

- 

1.8 

- 

1803 

- 

- 

0.00 

4.57 

2.08 

.0010 

.0232 

.0106 

.0086 

1 

.84 

.0068 

.0001 

0.82 

1.4 

- 

1804 

- 

- 

1.31 

4.68 

2.17 

.0007 

.0231 

.0211 

.0020 

.84 

.0050 

.0001 

1.06 

1.2 

- 

1805 

- 

- 

1.07 

4.71 

2.20 

.0014 

.0801 

.0276 

.0025 

1 

.86 

.0066 

.0001 

0.00 

l.l 

- 

1806 

- 

- 

0.85 

4.18 

1.86 

.0012 

.0244  .0210 

.0025 

1 

.20 

.0058 

.0001 

0.02 

0.0 

*  Jane  to  December. 

NoTK  to  analyiea  of  1896 :  Odor,  vegetable  and  occasionally  monldy,  becoming  stronger  on  heat> 

Ing. The  samplea  were  collected  from  the  river,  near  the  old  dam  at  the  upper  end  of  Reaervoir 

No.  2,  at  a  depth  of  1  foot  beneath  the  aarface. 


Microscopical  Examination, 

The  average  number  of  organisma  per  cubic  centimeter  found  In  these  aamplea  waa  92. 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  ExamincUion  of  Water  from  Reservoir 

No.  2,  Framingham. 

[ParU  per  100,000.] 


• 

a 

o 

■*» 

o 

o 

a 

o 

• 

O 

s 

o 

i 

S 

« 

'A 

Q 

16831 

1896. 

Jan.  1 

15095 

Feb.  3 

16176 

Mar.  2 

16346 

Apr.  1 

16530 

May  4 

16702 

June  1 

16906 

July  1 

17116 

Aug.  3 

17340 

Sept.  1 

17575 

Oct.  1 

17767 

Nov.  2 

17980 

Dec.  1 

Appearancb. 


t 

■e 


OQ 


u 
o 

o 

o 


Residub  on 
Evapora- 
tion. 


Slight. 

V.  Blight. 

Distinct, 
clayey. 
Slight. 

Distinct. 

Distinct. 

Distinct. 

Distinct. 

Distinct. 

V.  slight. 

V.  slight. 

V.  slight. 


Slight. 

V.  slight. 

Slight, 

earthy. 
Slight. 

Slight. 

Slight. 

Slight. 

Blight. 

Cons. 

V.  slight. 

Slight. 

Slight. 


0.90 
0.86, 
0.7o' 
0.8o| 

0.80| 

I 
0.76 

0.90 

0.57 

0.40 

0.48 

1.00 

1.06 


o 


8.65 
4.85 
8.50 
2.95 
3.65 
3.75 
4.70 
3.90 
8.70 
4.15 
6.40 
6.80 


Ammonia. 


Albuminoid. 

1 

•s 

. 

t 

1 

2. 

o 

•2 

s  p. 

s 

H 

Q 

CA 

s 


1.50 

.0000 

1.95 

.0004 

1.55 

.0020 

1.25 

.0000 

1.76 

.0028 

1.70 

.0006 

2.80 

.0022 

1.60 

.0006 

1.65 

.0014 

1.95 

.0012 

2.90 

.0012 

2.80 

.0004 

.0184 
.0190 
.0214 
.0152 
.0292 
.0210 
.0822 
.0250 
.0212 
.0258 
.0272 
.0238 


.0162 
.0164 
.0168 
.0128  .\ 
.025ff.( 


.0022 

.0026 

.0046 

0024 

0086 

.0172  .0088 


.0300 
.0224 
.0184 
.0206 
.0234 


.0022 
.0026 
.0028 
.0062 
.0038 


.0198  .0040 


.23 
.26 
.16 
.18 
.37 
.30 
.25 
.32 
.33 
.34 
.40 
.48 


KiTBOGBN 
AS 


I 


5^5 


5 

2 


,0060 
.0080 
.0060 
.0070 
.0070 
.0060 
.0030 
.0060 
.0000 
.0030 
.0050 
.0080 


.0000 
.0000 
.0002, 
.0001 
.0002 
.0001 
.0001 
.0000 
.0001 
.0001 
.0000 
.0000 


a 

6 

e 

I 

o 


0.92 
0.86 
0.64 
0.49 
0.71 
0.67 

0.71 
0.54 
0.74 
1.86 
1.56 


3 


0.6 
0.8 
0.5 
0.8 
0.8 
1.0 
0.9 
0.9 
1.8 
0.9 
1.8 
1.2 


Averages  by  Tears. 


1887* 

- 

- 

1.09 

4.94 

1.87 

1888 

- 

- 

1.08 

4.68 

2.01 

1889 

- 

- 

1.04 

8.42 

1.26 

1890 

- 

- 

0.77 

4.58 

1.88 

1891 

- 

- 

0.72 

4.02 

1.68 

1892 

- 

- 

0.89 

4.85 

1.92 

1893 

- 

- 

0.98 

4.28 

1.86 

1894 

- 

- 

1.12 

4.36 

2.06 

1895 

- 

- 

1.03 

4.65 

2.05 

1896 

- 

- 

0.74 

4.08 

1.87 

.0015 
.0006 
.0016 


.0385 
.0300 
.0296 


.0010  .0236 
.0004.0230 
.0004.0231 
.0010  .0219 
.0008.0216 
.0015.0244 
.0011.0233 


.0262 
.0191 
.0194 
.0192 


.0044 
.0044 
.0036 
.0030 


.0190  .0029 
.0193  .0023 


.0211 
.0200 


.0033 
.0033 


.34 
.80 
.29 
.28 
.24 
.29 
.31 
.88 
.34 
.30 


.0048 
.0102  .0001 
.0076.0002 
.0128  .0001 
.0105.0001 
.0082.0001 
.0054.0001 
.0058.0000 


0.81 
0.93 


.0090 
.0061 


.0001    0.98 
.0001    0.84 


1.7 
1.0 
1.8 
1.2 
1.8 
1.2 
0.9 


*  June  to  December. 


Note  to  analyses  of  1896:  Odor,  Mntly  vegetable,  becoming  stronger  on  heating. The  samples 

were  collected  from  the  reservoir,  near  the  gate-house,  at  a  depth  of  8  feet  beneath  the  surface.    For 
monthly  record  of  height  of  water  in  this  reservoir,  see  table  at  end  of  Boston  analyses. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BOSTON. 

Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Reservoir 

No,  2,  Framingham, 

[N'nmber  of  orgADlims  per  enbio  centimeter.] 


1896. 


Jan. 


Feb. 


Mar. 


Apr. 


May.  Jane.  |  Jaly. 


Aug. 


Sept 


Oct. 


Nov. 


Dec. 


Day  of  examination, 
Number  of  sample. 


2 

4 

8 

3 

6 

2 

2 

4 

2 

2 

8 

16831 

15M5 

1W76 

16346 

1653016702 

16906 

17116 

17840 

17576 

17767 

17 

t1 

88 

79 

110 

278 

50 

95 

37 

88 

8 

0 

2 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

1 

0 

0 

244 

48 

80 

2 

14 

0 

2 

0 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

2 

7 

0 

0 

0 

0 

8 

6 

2 

0 

1 

0 

2 

82 

0 

2 

0 

0 

0 

0 

0 

1 

2 

8 

2 

1 

0 

0 

2 

4 

4 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

9 

0 

18 

28 

84 

8 

2 

6 

6 

4 

6 

4 

0 

8 

18 

14 

22 

0 

0 

16 

44 

0 

0 

0 

0 

0 

0 

4 

9t 

7 

24 

0 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

4 

74 

0 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

t 

8 

t 

0 

0 

0 

0 

0 

0 

0 

0 

2 
17980 


PLANTS. 

Diatomace»,    .      .      .      . 

Asterionella 

Cyclotella, 

Fragllaria, 

Melostra, 

Meridion, 

Navicala, 

Btephanodiscns, 

Synedra, 

Tabellaria,         .... 

Alflree 

CoBlattmm,  .  .  .  . 
GiocbiococcnB, .... 
ProtococcuB,  .... 
Kaphidlum,        .        .       ,       . 

Fanffl*  Orenothrix, 


16 

0 
8 
0 
0 
0 
0 
2 
6 
0 


0 
0 
0 
0 


ANIMALS. 
Infusoria,   . 

Codonella,  • 
Buglena,    . 
MaJlomonas, 
Perldinium, 
Tracbelomonas, 
Vortieella, . 

Vermes,  Rotifer, 

GruBtacea,  Boemina, 


0 
0 
0 
4 

0 
0 


0 
0 


18 

0 

1 

0 

16 

1 

0 


0 
0 


0 
0 
0 
0 
0 
0 


0 
0 


0 
0 
0 
0 
0 
0 


0 

1 

0 

1 

0 
0 


0 
0 
2 
0 
2 
0 


0 

.02 


0 
0 
0 
0 
0 
6 


0 
0 


0 
0 
0 
0 
0 
0 


0 
0 
2 
0 
0 
0 


0 
0 
0. 
2 
0 
0 


0 
0 


6 

4 

0 
0 
2 
0 
0 


0 
0 


2 
0 
0 
2 
0 
0 


0 
0 


Miteetlantoutt  Zoogloea, 


Total, 


20 


48 


42 


40 


80 


79 


100 


218 


to 


804 


147 


40 


142 


60 


126 


40 


110 


80 


94 


15 


86 
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BOSTON. 

Sudbury  River  Supply. 


Chemical  Examination  of  Water  from  Walker^s  Brooke 
Marlborough, 

[ParU  per  100,000] 


a 

a 


I 

I 


5 


15841 
16008 
18167 
16338 
16521 
16692 
16898 
17103 
17328 
17563 
17768 
17970 


1896. 

Jan.   6 

Feb.  8 
Mar.  2 
Apr.  1 
May  4 
June  1 
July  1 
Aag.  8 
Sept.  1 
Oct.  1 
Not.  2 
Deo.  1 


APPBABAirOB. 


a 


I 


I 


Decided, 

clayey. 
Dlstloct, 

clayey. 
Decided, 

clayey. 
Distinct, 

clayey. 

Distinct, 

green. 

Distinct, 

milky. 
BUght, 

milky. 
Decided, 

clayey. 
Distinct, 

milky. 
Slight. 

Blight. 

BUght. 


CoDln 

earthy. 
Blight, 

earthy. 
Cons., 

earthy. 
Blight, 

earthy. 
Cona. 

Cons., 

earthy. 
BUght. 

Blight, 

brown. 
BUght. 

BUght. 

BUght. 

Cons., 
earthy. 


0.75 
0.60 
0.80 
0.60 
0.42 
1.20 
0.20 
0.40 
0.80 
0.80 
0.70 
0.90 


Rksiddb  cm 
Evapora- 

tion. 

• 

1 

Loss  on 
Ignition. 

18.40 

8.00 

18.60 

4.40 

10.20 

8.10 

11.96 

8.60 

12.60 

8.46 

18.40 

3.66 

12.60 

3.60 

28.85 

6.66 

10.90 

2.86 

16.66 

8.96 

16.50 

4.25 

16.16 

4.80 

AXMOHIA. 


i 


AlbamlnokL 


o 


,0600 
,0688 
.0930 
,0662 
,0472 
,0640 
0086 
.0482 
.0008 
,0136 
.0222 
.0440 


.0240 
.0230 
.0660 
.0262 
.0264 
.0490 
.0182 
.0214 
.0190 
.0836 
.0216 
.0804 


.0190 
.0218 
.0360 
.0220 
.0190 
.0380 
.0170 
.0196 
.0174 
.0816 
.0204 
.0224 


1 

s 


OQ 


.0050 
.0012 
.0210 
.0042 
.0064 
.0110 
.0012 
.0018 
.0016 
.0020 
.0012 
.0080 


« 
e 


1.76 
1.80 
1.02 
1.36 
1.82 
1.50 
1.52 
4.16 
1.48 
2.08 
2.99 
2.83 


NlTBOOKV 
AS 


s 

I 


.2500 
.1600 
.1760 
.2500 
.1100 
.1000 
.1600 
.2000 
.1150 
.0600 
.1300 
.1900 


.0014 
.0008 
.0035 
.0013 
.0040 
.0040 
.0100 
.0100 
.0018 
.0030 
.0100 
.0020 


1 

a 
I 
I 


0.69 
0.71 
0.66 
0.57 
0.48 
0.93 

0.46 
0.30 
1.01 
0.77 
0.93 


i 

33 


4.6 
4.3 
3.1 
3.6 
6.2 
4.7 
4.3 
9.1 
8.2 
6.0 
6.8 
5.6 


Averages  by  Years. 


- 

1892 

* 

• 

0.40 

16.84 

4.86 

.0807 

.0274 

.0226 

.0048 

2.68 

.2975 

.0037 

• 

6.7 

- 

1893 

- 

- 

0.3S 

14.06 

8.04 

.0887 

.0257 

.0180 

.0077 

1.06 

.1878 

.0020 

0.89 

6.8 

- 

1894 

- 

- 

0.46 

14.14 

8.62 

.0371 

.0217 

.0171 

.0046 

2.08 

.1888 

.0018 

0.47 

4.9 

- 

1896 

- 

- 

0.67 

14.71 

8.79 

.0292 

.0266 

.0214 

.0042 

2.04 

.1768 

.0085 

0.58 

5.1 

- 

1896 

- 

- 

0.63 

14.68 

3.97 

.0486 

.0290 

.0286 

.0064 

1.99 

.1676 

.0043 

0.68 

6.0 

NoTB  to  analyses  of  1896 :  Odor,  distinctly  v^ttable  and  mvsty. The  samplea  were  collected  from 

the  brook,  at  the  Qrst  road  bridge  below  Maple  Btreet,  about  1  milt  aooth  of  the  otntre  of  the  city  of 
Marlborough. 

Microscopical  Examination. 

Tho  average  oomber  of  organlama  per  eoblc  oentlmtter  fonod  In  these  samples  was  180. 


No-  34.]     EXAMINATION  OF  WATER  SUPPLIES.  Ill 


BOSTON. 

Sct)BURT  River  Supply.  —  C^emtcaZ  Examination  of  Water  from  Stony  Brook, 

at  Head  of  Reservoir  No,  3,  Southborough. 

[Paru  per  100,000.] 


2 

a 

0 
in 


I 


16882 
10019 
10177 
16847 
16&81 
16708 
16007 
17117 
17341 
17676 
17768 
17981 


18»6. 

Jan.   1 

Feb.  6 
Mar.  2 
Apr.  1 
May  4 
Jane  1 
July  1 
Aug.  8 
Sept.  1 
Oct.  1 
Nov.  2 
Dee.  1 


Appbabavcb. 


1 


i 


I 


Decided. 

clayey. 

DUtinct. 

Decided, 

clayey. 
Distinct, 

clayey. 
Decided, 

milky. 
Decided, 

clayey. 
Decided, 

clayev. 
Decided, 

claye 
Dec! 

clayey. 
Decided. 


ded. 


Decided, 
clayey. 

Decided, 
clayey. 


Slight. 

earthy. 
Slight. 

brown. 
Cons., 

earthy. 
Slight, 

earthy. 
Cone., 

earthy. 
Cone.. 

earthy. 
Cods  , 

earthy. 
Cons., 

earthy. 
Cons.. 

earthy. 
Cons . 

earthy. 
Cons., 

earthy. 
Cons., 

earthy. 


1.10 
0.96 
0.86 
0.70 
1.26 
1.80 
1.20 
0.18 
0.66 
0.48 
1.20 
1.00 


Rksidub  ok 

EVAPOKA- 
TIOM. 


I 


6.10 
6.26 
4.00 
3.96 
6.86 
8.10 
6.70 
13.66 
8.40 
8.86 
8.80 
9.10 


I 

§1 


J 


2.86 
2.60 
1.46 
1.66 
2.66 
8.20 
2.60 
2.46 
2.00 
2.60 
8.66 
2.96 


Ammovia. 


Albaminold. 


I 


.0018 
10060 
.0124 
.0000 
.0062 
.0078 

.  WWo 

.0160 
.0012 
.0096 
.0008 
.0012 


.0212 
.0812 
.0830 
.0186 
.0868 
.0660 
.0360 
.0280 
.0218 
.0462 
.0344 
.0268 


I 

S 


•8 

I  6 


.0188 
.0222 
.0220 
.0164 
.0834 
.0442 
.0826 
.0120 
.0198 
.0806 
.0816 
.0216 


.0024 
.0000 
.0110 
.0032 
.0034 
.0108 
.0024 
.0110 
.0020 
.0146 
.0028 
.0042 


a 

i 


.44 

.30 
.16 
.81 
.37 
.40 
.32 
.44 
.46 
.41 
.66 
.64 


NiTBOOBN 


I 

as 


.0360 
.0400 
.0160 
.0200 
.0160 
.0100 
.0100 
.0100 
.0060 
.0120 
.0280 
.0220 


.0002 
.0002 
.0003 
.0002 
.0004 
.0003 
.0004 
.0006 
.0005 
.0008 
.0005 
.0000 


i 

a 

9 

• 

Q 

O 

o 

•0 

1 

i 

M 
O 

1 

a 

1.39 
0.78 
0.66 
0.66 
1.06 
1.27 

0.61 
0.47 
0.79 
1.31 
1.62 


1.7 
1.8 
0.8 
l.l 
1.7 
1.7 
2.1 
6.7 
2.7 
8.0 
2.6 
2.8 


Averages  by  Tears. 


- 

1887* 

- 

- 

0.97 

7.74 

2.36 

.0029 

.0366 

• 

• 

.74 

.0162 

s 

. 

^ 

- 

1888 

- 

- 

1.16 

6.26 

2.17 

.0089 

.0312 

- 

- 

.61 

.0303 

.0004 

- 

- 

- 

1889 

- 

- 

1.11 

6.04 

1.76 

.0061 

.0808 

.0280 

.0028 

.50 

.0275 

.0006 

- 

• 

- 

1800 

- 

- 

0.72 

7.81 

2.12 

.0033 

.0257 

.0226 

.0082' 

.56 

.0202 

.0003 

- 

2.4 

- 

1891 

- 

- 

0.86 

6.16 

2.24 

.0047 

.0291 

.0266 

.0036 

.69 

.0226 

.0003 

- 

2.0 

- 

1892 

- 

- 

0.96 

6.19 

2.36 

.0016 

.0201 

.0252 

.0030 

.49 

.0202 

.0002 

- 

1.9 

- 

1898 

- 

- 

0.95 

6.08 

2.27 

.0027 

.0273 

.0287 

.0036 

.60 

.0127 

.0002 

0.88 

2.0 

- 

1894 

- 

- 

1.82 

6.41 

2.64 

.0028 

.0802 

.0249 

.0053 

.49 

.0161 

.0001 

1.06 

2.0 

- 

1896 

- 

- 

1.03 

6.66 

2.80 

.0041 

.0810 

.0266 

.0044 

.49 

.0196 

.0003 

0.98 

2.0 

^,^__ 

1896 

- 

- 

0.94 

7.47 

2.50 

.0060 

.0817 

.0263 

.0064 

.41 

.0187 

.0003 

0.94 

2.3 

*  June  to  Deoembtr. 

NoTi  to  analyses  of  1896:  Odor,  generally  distlnetly  vegetable  and  oeeaslonally  monldy. The 

samples  were  collected  from  the  brook,  about  60  feet  below  the  first  road  above  Reservoir  No.  8,  at  a 
depth  of  1  foot  beneath  the  sorfaee. 


Microscopical  Examination, 

The  average  number  of  orgnnlems  per  cubic  centimeter  found  in  these  samples  was  132. 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  Jrom  Beservoir 

No, .?,  Framingham, 

[Parts  per  100,000.] 


1 

1 

Appbarahcb. 

Kksiddk  on 

EVAPOBA- 
TION. 

Ammokix. 

•* 

a 

•c 

o 

xs 
o 

.36 
.38 

NiTBOOKN 
AS 

• 

a 

3 

c 

8 

I 

5 

• 

a 

i 

1 

1 

• 

a 
Si 

1% 

• 

Albumtnold. 

1 

1 

• 

1 

•c 

1 

a 
SZ5 

• 

1 

o 
S 

2 

a 

1 

n 

15838 
15990 

1896. 

Jan.    1 

Feb.  3 

Distinct, 
clayey. 

Slight, 
1     milky. 

Opaque, 
clayey. 

Decided, 
clayey. 

Distinct. 

Slight, 

earthy. 
Blight. 

.05 

.90 

5.10 
5.50 

1.95 
2.25 

.0082 
.0040 

.0212 
.0176 

.0200 
.0150 

.0012 
.0026 

.0820 
.0450 

.0001 
.0000 

.96 
.85 

1.7 
1.7 

16176 
10348 
16532 

Mar.  2 
Apr.  1 
May   4 

Corn., 

earthy. 
Slight. 

SUght. 

.90 
.40 
.70 

5.00 
3.40 
4.10 

1.70 

1.15  1 

1 
1.85 

.0110 
.0040 
.0028 

.0296 
.0144 
.0216 

.0218 
.0122 
.0204 

.0078 
.0022 
.0012 

.20 
.27 
.35 

.0180 
.0200 
.0120 

.0003 
.0002 
.0003 

.56 
.40 
.59 

0.9 
0.9 
1.8 

16704 

Jane  1 

Decided. 

Cons. 

.80 

4.40 

1.75  ' 

.0032  .0274 

.0196 

.0078  .36 

1 

.0070.0001 

1                    1 

.67 

1.4 

10008 
17118 

July  1 
Ang.  3 

Distinct. 
Decided. 

Cons., 

white 
Cons. 

.72 
.68 

5.40 
5.10 

2.35 
1.65 

.0012  .0266 
.0008.0268 

.0216 
.0212 

.0050 
.0056 

.32 

.38 

1 

.oo:;;o 
.0000 

.0002 
.0000 

.75 

1.7 
1.9 

17342 

Sept.  1 

Decided, 

Cons. 

.40 

4.45 

1.70 

.0014 

.0282 

.0220 

.0062 

.39 

.0030 

.0001 

.59 

1.9 

17577 

Oct.   1 

green. 
Distinct. 

Slight. 

.32 

5.75 

1.70 

.0020.0276 

.0220 

.0056 

.42 

.0050 

.0001 

.56 

2.1 

17760 
17982 

Nov.  2 
Dec.  1 

Slight, 

milky. 
Distinct. 

Cons. 
Slight. 

.48 
.68 

5.95 
6.86 

2.10 
1.90 

.0016  .0198 
.0014  .0202 

.0184 
.0176 

.0014 

.0026 

1 

.42 
.54 

.0100 
.0180 

.0000 
.0001 

.57 
.73 

2.3 
2.8 

A 

verag 

€8  by 

Years. 

^ 

1887* 

. 

• 

.01 

5.48 

2.02 

.0073 

.0318 

- 

- 

1 

1 
.0170 

- 

- 

- 

. 

1888 

- 

- 

.98 

4.98 

1.79 

.0038 

.0288 

- 

- 

.40 

.0218  .0008' 

- 

- 

. 

1880 

- 

- 

.84 

4.89 

1.50 

.0042 

.0306 

.0254 

.0052 

.42 

.0182  .0003 

- 

- 

. 

1890 

- 

- 

.62 

6.40 

1.84 

.0020 

.0238 

.0197 

.0041 

1.40 

.0229.0002, 

1 

- 

2.0 

« 

1891 

• 

- 

.60 

4.75 

1.66 

.0032 

.0242 

.0200 

.0042 

'.88 

.0190 

.0002 

- 

1.7 

. 

1892 

- 

- 

.72 

5.17 

1.07 

.0024 

.0254 

.0219 

.0035 

.40 

.0211  .OOOl! 

- 

1.8 

s 

1893 

• 

.00 

4.07 

2.10 

.0028 

.0259 

.0207 

.0052 

,37 

.0100  .0001 

.n 

1.7 

. 

1894 

- 

.97 

6.48 

2.20 

.0018 

.0265 

.0231 

.0034 

.41 

.0105.0002, 

1          1 

.87 

1.0 

. 

1896 

- 

- 

.86 

5.48 

2.22 

.0027 

.0273 

.0231 

.0042 

.41 

1 

.0151 

.0001 

.84 

1.8 

- 

1896 

- 

- 

.66 

5.04 

1.92 

.0030 

.0234 

.0193 

.0041  '.37 

.0144 

.0001 

.66 

1.7 

*  Jane  to  December. 


NoTi  to  analyies  of  1896:  Odor,  distinctly  vegetable,  occasionally  mouldy. The  samples  were 

ooUectcd  from  the  reservoir,  near  the  gate  house,  at  a  depth  of  8  feet  beneath  the  surface.  For  monthly 
record'  of  height  of  water  In  this  reservoir,  see  Uble  at  end  of  Boston  analyses.  The  quality  of  the 
water  of  this  source  and  of  Stony  Brook  may  have  been  affected  during  much  of  the  year  by  work  In- 
ddent  to  the  construction  of  Reservoir  No.  6  on  Stony  Brook,  above  Reservoir  No.  8. 
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BOSTON. 

SuDBUBT  RiYBR  SUPPLY. — Mu^oscoptccU  Examination  of  WaUr  from  Reservoir 

N6.  3,  Framingham. 

[Namber  of  organtomi  per  cnblo  oeaUmeUr.] 


1896. 


Jan. 


F«b. 


Mar. 


Apr. 


Maj. 


Jane. 


Joly. 


Aag. 


8ept. 


Oct. 


Not. 


Dec. 


Day  of  ezamiiiatloD, 
Namber  of  aample, 


2 
16838 


4 
IfiOM 


8 
10176 


3 
16348 


6 
16632 


2 
16704 


2 

16008 


4 
17118 


2 
17342 


2 

17677 


3 
17709 


2 
17982 


PLANTS. 

Dlatomaoe»»    . 

Asterlonena,  . 
CycloteIla» . 
Cymbella,  . 
Dtatoma*  . 
Meloaira,  . 
Naylcala,  . 
Synedra.  . 
Tabellarla, 

Gyanophyce», 

Anabttna,  . 
Olathrocystla,    . 
OcBloephffiriain, 
Mteroeyatia,      . 
Oadllaria,  . 

Alflree 

Arthrodeemae, . 

Ohloroeoeena,    . 

OcBlaatram, 

Pediaainim, 

Prolocoecua, 

Baphldhun, 

Staarogenia, 


78 
0 
1 
0 
0 
0 
2 

18 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


56 

66 
0 
0 
0 
0 
0 

1 

0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 

1 

2 

1 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
2 

1 
1 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


148 

18 
0 
0 
0 
0 

1 

82 
92 


0 
0 
0 
0 
0 


0 
0 
0 
0 

1 
1 

0 


11 

0 
6 
0 
0 
0 
0 

1 

4 


1 
0 
0 
0 
0 


0 
0 
0 
2 
0 
0 
0 


64 

6 
0 
0 
0 
0 
0 
8 


0 
2 
0 
0 
0 


94 

0 
0 

22 
1 

02 
2 
7 


284 

8 

184 

0 

0 

0 

0 

16 

76 


12 

6 
2 
4 

0 

0 


31 

2 

0 
0 
4 
16 
0 
0 


122 

36 
12 
0 
0 
0 
2 
4 
68 


92 

2 

16 

74 

0 

0 


80 

4 
2 
0 
0 
4 
20 
0 


184 

168 
0 
12 
0 
0 
0 
14 
0 


174 

4 

0 

2 

20 

148 


6 

0 
6 
0 
0 
0 
0 
0 


1|212 

200 
66 

0 
0 
60 
0 
0 
896 


10 

0 
0 
6 
0 
4 
0 


544 

84 

82 

0 

48 

20 

0 

0 

860 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
4 
0 


ANIMALS. 
Bhizopodat  Dlfflagla, 


InfUsoiia.   . 

Dinobryon, 
Boglena,    . 
Mallomonas, 
Trachoiomonaa, 
Vortioella, . 

Vermes. 

Annrea, 
Asplaochoa, 
CoDOchihia, 
Rotifer,      . 

Crustacea, . 

Oydopa,     . 
Dapbnia,    . 


1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

80 

2 

2 

8 

4 

11 

11 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

11 

0 

0 

0 

0 

60 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

1 

0 

1 

4 

6 

0 

0 

0 

0 

0 

0 

0 

2 

7 

0 

0 

0 

0 

0 

0 

1 

0 

2 

3 

0 

0 

2 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

.06 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

.02 

0 

.02 

0 

0 

0 

0 

0 
0 
0 
0 
0 


0 
0 
0 
0 


0 
0 


JHUeelkmsoutf  ZoSglcsa,                • 

80 

0 

80 

5 

40 

2 

4 

40 

60 

20 

90 

70 

Total, 

160 

66 

66 

69 

189 

21 

176 

871 

818 

896 

1,822 

618 
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BOSTON. 

CooHiTUATE  Supply.  —  Chemical  Examination  of  Water  from  Lake  Cochituate 

in  Wayland. 

[Parte  per  100,000.] 


i 


16834 
15907 
10180 
16340 
16683 
16706 
16000 
17110 
17348 
17678 
17770 
17084 


a 

a 


1806. 

Jan.  1 

Feb.  3 
Mar.  2 
Apr.  1 
May  4 
June  1 
July  1 
Ang.  8 
Sept.l 
Oot.  1 
Nov.  2 
Deo.  1 


Appkasawcb. 


I 


a 
i 


Diatlnct. 

Blight. 

Diatinct, 
olavey. 

DlBttDOt, 

clayey. 
Dlstlnet. 

Deolded. 

Diatlnct. 

Diatlnct. 

Blight. 

Slight. 

DlBtlnct. 

DiaUnot. 


Slight. 

Blight. 

SUght, 

clayey. 
Slight. 

Slight. 

Slight. 

Blight. 

Slight. 

Blight. 

Blight. 

Oons. 

Slight. 


I 


.30 
.35 
.57 
.42 
.86 
.33 
.27 
.16 
.16 
.10 
.20 
.23 


Rbsidub  ov 
Evapora- 

tion. 

■ 

A 

1 

r 

4.06 

1.40 

6.70 

If 

1.05 

6.66 

1.05 

6.26 

1.00 

4.80 

1.85 

4.20 

1.75 

5.10 

1.66 

4.80 

1.46 

6.16 

1.70 

8.60 

1.80 

4.66 

1.00 

4.80 

1.05 

AXMONIA. 


Albuminoid. 

• 

1 

i 

4 

^ 

s 

JkS 

z. 

© 

0a 

S 

H 

Q 

CQ 

.0024 
.0030 
.0012 
.0000 
.0014 
.0014 
.0010 
.0004 
.0000 
.0014 
.0000 
.0024 


.0204 
.0158 
.0186 
.0166 
.0176 
.0176 
.0162 
.0168 
.0108 
.0188 
.0144 
.0200 


.0166 
.0142 
.0166 
.0146 
.0140 
.0142 
.0142 
.0144 
.0168 
.0138 
.0104 
.0150 


.0038 
.0016 
.0020 
.0020 
.0036 
.0034 
.0010 
.0024 
.0040 
.0060 
.0040 
.0060 


4 

a 


.46 
.60 
.46 
.50 
.63 
.47 
.40 
.60 
.63 
.54 
.60 
.67 


NiTSOOBN 
▲8 


I 

I 


I 


.0100 
.0180 
.0180 
.0200 
.0180 
.0160 
.0080 
.0060 
.0030 
.0050 
.0160 
.0120 


.0001 
.0000 
.0000 
.0001 
.0003 
.0002 
.0003 
.0004 
.0001 
.0001 
.0002 
.0000 


•s 

a 

s 

« 

a 

s 
I 
I 


.43 
.51 
.60 
.48 
.45 
.52 

.61 
.37 
.36 
.33 
.35 


1.0 
1.8 
1.8 
1.0 
1.0 
1.8 
1.0 
1.8 
1.8 
1.7 
1.9 
2.1 


Averages  by  Tears, 


- 

1887* 

- 

• 

.21 

6.08 

1.88 

.0017 

.0186 

- 

- 

.44 

.0096     - 

. 

. 

- 

1888 

- 

- 

.19 

4.90 

1.24 

.0033 

.0217 

- 

- 

.43 

.0127.0003 

- 

- 

- 

1889 

- 

- 

.33 

6.08 

1.62 

.0026 

.0210 

.0177 

.0033 

.46 

.0208.0003 

- 

- 

- 

1800 

- 

- 

.21 

4.74 

1.08 

.0016 

.0184 

.0140 

.0036 

.49 

.0206.0003 

- 

2.4 

- 

1891 

- 

- 

.24 

4.66 

1.44 

.0017 

.0182 

.0146 

.0037 

.42 

.0212 

.0002 

- 

1.8 

- 

1892 

- 

- 

.15 

4.61 

1.36 

.0018 

.0168 

.0133 

.0036 

.48 

.0162 

.0001 

- 

2.0 

- 

1808 

- 

- 

.21 

4.64 

1.58 

.0016 

.0168 

.0138 

.0030 

.46 

.0098 

.0002 

.30 

2.0 

- 

1894 

- 

- 

.20 

4.76 

1.60 

.0008 

.0163 

.0137 

.0026 

.61 

.0070 

.0001 

.37 

2.1 

- 

1896 

- 

- 

.26 

6.06 

1.68 

.0016 

.0178 

.0163 

.0026 

.61 

.0112 

.0001 

.42 

2.1 

- 

1896 

- 

- 

.28 

4.89 

1.66 

.0012 

.0176 

.0145 

.0031 

.50 

.0122 

.0001 

,.46 

1.0 

*  Jane  to  December. 

NoTK  to  analyaea  of  1896:  Odor,  generally  vegetable,  becoming  aomewhat  atronger  on  heating. 

The  eamplea  were  collected  in  the  gate-honae.    For  monthly  record  of  height  of  water  in  thla  lake,  aee 
table  at  end  of  Boaton  analyaea. 
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BOSTON. 

CoCHiTUATE  Supply. — Microscopical  Examination  of  Water  from  Lake  Oochiiuate 

in  Wayland, 

[Number  of  orguiluni  per  cable  centimeter.] 


1896. 


Jan. 


Day  of  examination, 
Namber  of  sample, . 


2 
15884 


Feb. 


4 

15097 


Mar. 


Apr. 


May. 


Jane. 


Jaly. 


Aag 


Sept 


Oct 


Not. 


Dec 


4 

10180 


3 
16349 


5 
16533 


2 
16705 


2 
16909 


4 

17119 


PLANTS. 

Diatomaoe»,    . 

Aaterlonella,      • 

ajTclotella, . 
eloeira,    . 
Stephanodiacna, 
Synedra,     . 
Tabellaria, . 

Cyanophyoe», . 

Anab»na,  . 
Microcyatia, 
OaeUlaria,  . 

Alfir»>      • 

Artbrodeamaa,  . 

Protocoocna, 

Baphidiam, 


986 

423 

247 

464 

6 

408 

1 

0 

108 

224 

0 

126 

3 

20 

50 

187 
0 

97 
1 
0 

12 

269 

52 

15 

0 

1 

268 

0 

0 

52 

0 

0 

15 

1 

0 

2 

0 
0 
1 

0 
0 
0 

0 

1 
1 

ANIMALS. 
Bhizopoda,  Actinophrys, 

InftiBorla,   . 

Oeratiam,  . 
Ciliated  infaaorlan,   . 
Oodonella,  . 
Dinobryon, 
Baslena,    . 
MaUomonaa, 
Perldiniam, 
Trachelomonaa, 
Uroglena,  . 

Vermes, 

Botatorlan  ova, . 
Botifer,      . 

OruBtacea, . 

Oydopa,     . 
Daphnia,    • 

Mi9eeUaneoiu9, . 

Aearlna,     . 
ZoOglcoa,    . 

Total, 


0 
5 


.02 
0 


1,261 


485 


20 

0 

20 


288 


204 

9 
1 
192 
0 
0 
2 


0 
0 
0 


0 
0 
0 


0 

0 

0 

1 

D 

10 

4 

80 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

1 

0 

0 

0 

3 

1 

27 

0 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

.02 

.10 

0 

0 

.02 

.10 

0 

.04 

0 

0 

60 

0 
60 


295 


766 

400 

0 

80 

68 

88 

180 


0 
0 
0 


0 
4 

0 


18 

0 
0 
2 
8 
0 
2 
0 
6 
0 


0 
0 


0 
0 


10 

0 
10 


798 


590 

14 

86 

0 

0 

84 

456 


8 

0 
2 

4 


20 

2 

10 

8 


97 

20 

40 

0 

0 

0 

87 


4 

0 
0 


2 
5 
0 


16 

0 
0 
0 
0 
16 
0 


144 

4 

140 

0 


13 

0 

13 

0 


2 
17843 


2 

17578 


82 

0 
1 
0 
0 
31 
0 


141 

28 

112 

1 


0 
4 

0 


3 
17770 


8 

17984 


952 

844 

84 

4 

0 

0 

520 


16 

14 
2 
0 


52 

8 
44 

0 


1,086  2,244 


0 
0 


8 

0 
8 


.02 
5 


744 


115 


170 


20 

0 
20 


40 

0 
40 


996 
4 
82 
2 
2 
0 


218 

0 

10 

208 


1.776 

12 

336 

0 

0 

120 


80 

0 

2 

28 


0 

2 

0 

0 

0 

0 

128 

2 

1 

0 

8 

100 

0 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

120 

0 

0 

0 

0 

84 

0 

0 

0 

0 

0 

0 

2 

0 

1 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

12 

6 

1 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

2 

0 

0 

.02 

0 

0 

0 

.02 

0 

.02 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

40 

0 
40 


197 


1,069 


1,448 


0 
0 
0 


12 

0 
0 
0 
0 
0 
2 
0 
10 
0 


0 
0 


0 
0 


55 

0 
55 


2,341 
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BOSTON. 

CocHiTUATE  WOBKS. —  Chemtcol  Examinalion  of  Water  from  a  Faucet  at  the 

Massachusetts  Institute  of  Technology ,  Boston, 

[PartB  per  100,000.] 


• 

Af« 

EASAHOB. 

Kbsious  on 

EVAPOKA- 

AmfovfA. 

a 

s 

.86 

NiTROGBH 
AA 

1 
1 

1 

TIOV. 

i 

a 

9 
1 

1 

• 

1 

• 

1 

1 

1 

Albnminold. 

1 

• 

2 

1 

t 

•6 

o 

S 

s 

• 

1 
-1 

i 

a 

16886 

Jan.  1 

V.eUght. 

V.  alight. 

.70 

4.70 

1.76 

.0004 

.0104 

J0168 

.0026 

.0170 

.0000 

.66 

1.4 

10000 

Feb.  3 

V.  slight. 

V.aUght. 

.70 

4.76 

2.06 

.0010 

.0172 

.0168 

.0014 

.84 

.0280 

.0000 

.68 

1.8 

16178 

Mar.  2 

Slight. 

Slight. 

.67 

4.46 

1.00 

.0012 

.0102 

.0148 

.0014 

.31 

.0180 

.0001 

.68 

1.8 

10860 
10684 

Apr.  1 
May  4 

81l£ht, 

clayey. 
Slight. 

Slight. 
Slight. 

.46 
.40 

4.00 
4.00 

1.60 
1.40 

.0000 
.0084 

.0128 
.0144 

.0002 
.0126 

.0036 
.0018 

.30 
.36 

.0260 
.0260 

.0001 
.0001 

.46 
.42 

1.1 

1.2 

10700 
10010 

Jane  1 
jQly  1 

Diatlnet. 
Diftlnet. 

SUght, 

brown. 
Blight. 

.60 
.40 

4.06 
4.80 

1.60 
1.00 

.0000 
.0000 

.0162 
.0176 

.0140 
.0160 

.0022 
.0026 

.88 
.84 

.0180 
.0100 

.0000 
.0001 

.61 

1.4 

1.6 

17120 
17844 

Ang.  3 
Sept.  1 

Diatinet. 
Slight. 

Slight, 

brown. 
SUgbt. 

.40 
.83 

4.00 
4.26 

1.46 

1.66 

.0002 
.0000 

.0164 
.0174 

.0186 
.0144 

.0018 
.0030 

.41 
.37 

.0110 
.0000 

.0001 
.0001 

.70 
.47 

1.7 
1.6 

17670 

Oct.  2 

V.aUght. 

Slight. 

.27 

8.80 

1.80 

.0000 

.0174 

.0168 

.0016 

.30 

.0070 

.0001 

.44 

1.3 

17771 

Nov.  8 

Slight. 

Slight. 

.40 

4.26 

1.76 

.0000 

.0144 

.0136 

.0008 

.38 

.0120 

.0000 

.60 

1.6 

17083 

Dec.  2 

V.  alight. 

Slight. 

.68 

4.06 

1.76 

.0002 

.0104 

.0162 

.0042 

.40 

.0160 

.0000 

.67 

1.0 

Averages  by  Years. 


. 

1887* 

- 

- 

.86 

4.80 

1.87 

.0002 

.0226 

- 

.41 

.0004 

- 

- 

- 

- 

1888 

- 

- 

.88 

4.04 

1.63 

.0012 

.0216 

- 

- 

.40 

.0183 

.0002 

- 

- 

- 

1880 

- 

- 

.61 

4.71 

1.48 

.0006 

.0100 

.0176 

.0023 

.42 

.0272  .0002 

- 

- 

- 

1800 

- 

- 

.86 

4.70 

1.26 

.0008 

.0160 

.0148 

.0021 

.42 

.0241 

.0001 

- 

2.2 

- 

1801 

- 

- 

.87 

4.80 

1.63 

.0006 

.0161 

.0136 

.0026 

.37 

.0227 

.0001 

- 

1.7 

- 

1802 

- 

- 

.87 

4.70 

1.67 

.0007 

.0168 

.0138 

.0030 

.41 

.0210 

.0001 

- 

1.0 

- 

1808 

- 

- 

.61 

4.64 

1.84 

.0010 

.0174 

.0147 

.0027 

.38 

.0143 

.0001 

.60 

1.8 

- 

1804 

- 

- 

.60 

4.64 

1.88 

.0006 

.0160 

.0160 

.0019 

.41 

.0106 

.0001 

.63 

1.7 

- 

1806 

- 

- 

.72 

4.00 

2.02 

.0006 

.0107 

.0176 

.0022 

.40 

.0171 

.0001 

.60 

.7 

- 

1806 

- 

.40 

4.20 

1.67 

.0006 

.0166 

.0142 

.0023 

.37 

.0166 

.0001 

.66 

1.4 

*  August  to  December. 


NoTB  to  analyses  of  1806 :  Odor,  generally  faintly  vegetable,  frequently  none. 
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BOSTON. 

CocHiTUATE  Works.  —  AficroscapiccU  Examinalum  of  Waierfrom  a  Faucet  at  the 

Massachusetts  Institute  of  Technology ^  Boston, 

[Number  of  orgftniams  per  cubic  centimeter.] 


1896. 


Jan.  Feb. 


Mat. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept 


Oct. 


Nov. 


Dec 


Day  of  examination, 
Number  of  sample, . 


2 
15835 


laOOO  16178 


8 
16350 


5 
16584 


8 
16706 


2 

laoio 


4 

17120 


8 
17344 


2 
17570 


8 
17771 


2 

17988 


PLANTS. 

DiatomacesB,    . 

Aaterionella, 
Cyclotella, . 
Fragilaria, . 
Meloeira,  . 
BtepbanodiscuB, 
Synedra,  . 
Tabellaria, 

CyanophyoesB, 

AnabflBua,  . 
MlcrocyBtifl, 
Otcillaria,  . 

Alfir»i 

Colastrum, 
Protoooccufl, 
Raphidlum, 
Btaurogenia, 


ANIMALS. 
Infusoria,   . 


Ceratinm,  . 

Dlnobryon, 

Buglena,     . 

Mallomonaa, 

Peridinium, 

Tiniionidium, 

Trachelomonas, 


Crustacea,  Daphnla, 


170 

96 
0 
0 

44 

0 

0 

30 


0 

0 

24 


0 
0 
0 
0 


133 

90 
0 
0 

22 
0 
2 

19 


9 

0 
0 
0 


0 
0 

1 

0 


103 

44 
0 
0 

57 
2 
0 
0 


0 
0 
5 


0 
0 
1 
0 


20 
0 
0 

68 
0 
0 
0 


0 
0 
0 


0 
1 

0 
0 


208 

112 

1 
0 
18 
24 
24 
20 


0 
0 
0 


342 

7 
224 

0 
10 

6 
15 
80 


6 

6 
0 
0 


0 
2 
0 
0 


0 
1 
0 
0 


325 

28 

17 

11 

5 

0 

0 

264 


5 
0 
0 


38 

8 

26 

0 

4 


87 

5 
0 
0 
0 
0 
30 
62 


10 

2 
8 
0 


13 

0 
6 
8 

4 


108 

20 
0 
0 
4 

0 
20 
04 


6 

0 
6 
0 


284 

132 

8 

0 

28 

0 

20 

96 


24 

0 

4 
20 


0 
1 
6 
0 


0 

4 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 

1 

0 
0 


JiUceUaneau$t . 

Sponge  spicules, 
Zodglcoa,  . 

Total, 


0 
0 


0 
0 


0 
0 
0 
0 
1 
0 
0 


It 

0 
0 
5 
0 
7 
0 
0 


18 

0 

11 

0 
2 
0 
1 
2 


.02 


0 
0 
0 
0 
0 

1 

2 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


14 

2 
12 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 


10 

0 
10 


41 

1 

40 


3 
80 


0 
2 


21 

1 

20 


40 

0 
40 


0 
60 


194 


144 


110 


111 


267 


435 


370 


131 


175 


872 


410 

316 
6 
0 
38 
4 
44 
2 


20 

0 

0 

20 


0 
0 
0 
0 


8 

0 
2 
0 
0 
1 
0 
0 


20 

0 
20 


458 


402 

868 
6 
6 
06 
0 
2 
14 


0 
0 
0 


0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
2 


2 
0 


496 
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BOSTON. 

Mystic  Supply.  —  Chemical  Examination  of  Walerfrom  Mystic  Lake, 

[Parts  per  100,000.] 


16824 
15009 
16166 
16837 
16687 
16091 
16914 
17108 
17382 
17660 
in67 
17971 


a 
o 


1 

o 


1896. 

Jan.   1 

Feb.  8 
Mar.  2 
Apr.  1 
May  4 
June  1 
July  1 
Aug.  8 
Bept.  1 
Oct.  1 
Nov.  2 
Dec.  1 


Appmabawob. 


a 


a 

o 

J 


o 

§ 


Distinct, 

clayey. 
Distinct, 

clayey. 
Decided. 

clayey. 
Decided, 

clayey. 
Distinct. 

Distinct, 
white. 

Decided, 
white. 

Decided. 

Decided. 

Distinct. 

Decided 

Slight, 
green. 


Slight. 

Slight, 

earthy. 
Slight. 

Slight, 

earthy. 
Slight. 

Slight, 

green. 
Slight. 

Slight, 

green. 
Cons. 

SUght. 

Slight. 

Slight, 
green^ 


.28 
.26 
.23 
.20 
.26 
.08 
.10 
.07 
.18 
.06 
.08 
.08 


RxsmnaoM 

EVAPOKA- 

Tio». 


I 


12.70 
12.80 
10.60 

9.16 
10.60 
10.96 
12.96 
12.70 
13.06 
13.80 
13.16 

8.66 


is 


8.20 
3.70 
2.66 
2.20 
2.70 
2.86 
2.66 
2.26 
2.36 
1.00 
2.45 
1.20 


AMHOiriA. 


Albamlnold. 

• 

1 

^ 

.5 

s 

;,§ 

s 

o 

.s 

oo. 

Ut 

H 

Q 

00 

.0680 
.0370 
.0314 
.0280 
.0110 
.0000 
.0010 
.0016 
.0000 
.0000 
.0002 
.0186 


.0260 
.0206 
.0198 
.0174 
.0212 
.0266 
.0288 
.0262 
.0202 
.0262 
.0174 
.0168 


.0180 
.0162 
.0162 
.0124 
.0164 
.0160 
.0128 
.0120 
.0128 
.0142 
.0084 
.00861 


.0070 
.0064 
.0046 
.0060 
.0068 
.0096 
.0160 
.0182 
.0074 
.0120 
.0090 
.0082 


c 


2.00 
1.84 
1.40 
1.09 
1.42 
1.60 
1.71 
1.90 
1.99 
1.86 
1.74 
1.73 


NiTBOOBV 
AS 


I 


.0730  .0011 


.0200 
.1100 
.0670 
.0900 
.0700 
.0800 
.0200 
.0220 
.0360 
.0900 
.0660 


.0008 
.0009 
.0006 
.0018 
.0007 
.0009 
.0007 
.0010 
.0012 
.0001 
.0006 


a 


6 

a 


.40 
.37 
.34 
.28 
.26 
.18 

.24 
.22 
.26 
.26 
.28 


i 

I 

n 


4.4 

4.0 
8.6 
8.4 
4.0 
4.0 
4.8 
4.4 
6.0 
6.0 
6.0 
4.6 


Averages  by  Years, 


1887* 

- 

- 

.28 

10.82 

1.62 

1888 

- 

- 

.21 

10.12 

1.76 

1889 

- 

- 

.26 

9.02 

1.97 

1890 

- 

- 

.13 

10.66 

1.78 

1891 

- 

- 

.18 

9.60 

1.81 

1892 

- 

- 

.07 

11.62 

2.09 

1898 

- 

- 

.10 

12.62 

2.17 

1894 

- 

- 

.11 

16.60 

2.66 

1896 

- 

- 

.16 

16.07 

2.96 

1896 

- 

- 

.16 

11.71 

2.46 

.0114 
.0244 
.0211 
.0197 


.0266 
.0267 
.0278 
.0223 


.0186  .0242 
.0186.0206 
.0240.0216 

.0381 .0236 

I 
.0560  .0271 

.0156  .0220 


- 

- 

'2.O6 

.0263 

1 

- 

- 

mm 

• 

1.94 

.0488 

.0016 

- 

.0209 

.0069 

1.67 

.0686 

.0012 

- 

.0183 

.0040 

1.67 

.0796 

.0008 

- 

.0187 

.0066 

1.68 

.0781 

.0012 

- 

.0163 

.0063 

2.22 

.0698 

.0007 

- 

J0169 

.0066 

2.49 

.0688 

.0007 

.27 

.0168 

.0067 

3.48 

1 

.0688 

.0012 

.26 

.0197 

.0074 

3.25 

.0686 

.0016 

.82 

.0134 

.0086 

1.68 

.0660 

.0008 

.27 

8.7 
3.6 
4.1 
4.4 
6.2 
6.4 
4.8 


*  June  to  December. 


NOTB  to  analyses  of  1896 :  Odor,  generally  vegetable  or  unpleasant,  frequently  mouldy  or  fishy. 

The  samples  were  collected  from  the  lake,  near  the  gate-house.    For  monthly  record  of  height  of  water 
in  this  lake,  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

Mystic  Supply.  —  Microscopical  ExamincUion  of  Water  from  Mystic  Lake. 

[Nambtr  of  orguiiams  per  oubio  oeotimeter.] 


18»6. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dee. 

Day  of  ezaminatloD, 
Number  of  sample, . 

2 
16824 

4 

169W 

2 
16166 

8 
16887 

6 
16637 

2 
16691 

8 
16914 

4 
17108 

2 
17882 

2 

17669 

8 
17767 

2 
17971 

PLANTS. 

Diatomaoe»»    • 

Asterlonella« 
Meloelra,    . 
NaTlcnla*   . 
Bynedra,    . 

Cyanophyce», 

Anab»na,  • 
Microcyetls, 

Alflree,     . 

ProtococoQB, 
Rapbidiam, 
Scenedeemas,    . 
2«o5tpore8, 


80 

5 

7 

17 

182 

17S 

64 

4,000 

800 

8 

28 

4 

0 

0 

76 

0 
8 
0 
2 

0 
0 
0 

7 

8 
0 
1 
8 

2 
0 

0 
180 

2 
0 

I 
172 

0 

0 

0 

64 

0 

0 

0 

4,000 

0 

0 

0 

800 

0 
0 
6 
2 

0 

0 
24 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

14 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
8 

0 
0 

0 
0 

0 
0 

0 
0 

14 
0 

14 

8 

0 

8 

108 

292 

105 

960 

500 

784 

62 

0 

1 

8 
6 

0 
0 
3 
0 

0 
0 
0 
0 

8 
1 
3 

1 

8 

0 

72 

28 

0 

0 

292 

0 

0 
6 

100 
0 

0 
820 
640 

0 

0 

0 

600 

0 

400 

0 

384 

0 

6 

0 

66 

0 

8 

0 

4 
0 

4 


22 

22 
0 


60 

24 
0 

86 
0 


ANIMALS. 

Infliaorla»   . 


Dinobryon, 

Boglena,    • 

Mooaa, 

Perldinlom, 

Phaons. 

Trachelomonaa, 


Vermes,  Annrea, 


0 
0 
0 
0 
0 
0 


0 
0 
0 

1 

0 
0 


0 
0 
0 
0 
0 
0 


11 

0 
6 
2 
8 
0 
1 


12 

10 
2 
0 
0 
0 
0 


0 
2 
0 
0 
0 
0 


0 
1 

1 
0 
0 
0 


6 


400 

0 
0 
0 
400 
0 
0 


280 

0 
0 
0 
280 
0 
0 


8 

0 
0 

4 
0 
0 

4 


0 
0 
0 
0 
0 
0 


0        0 


6 

0 
0 

4 
0 
2 
0 


Ml9ceUanecu9t  2k>dgloBa, 


120 


40 


60 


10 


40 


80 


60 


180 


48 


Total, 


214 


68 


47 


96 


377 


637 


187 


6,400 


1,610 


860 


284 


144 
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BOSTON. 

Table  shotving  Monthly  Heights  in  Feet  above  Tide-marsh  Level  of  the  Water  in 
the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water  Works,  from  which 
Samples  of  Water  were  collected  during  the  Year  1896. 


1SII6. 


Beserroir 
Ko.3. 

Flash  Boarda, 
167.12. 


Beserroir 
No.  8. 

Stone  Crest, 
175.24. 


Resenrolr 
No.  4. 

Flash  Boards, 
216.21. 


BeserT(^ 
No.  6. 

Flash  Boards, 
295.00. 


Farm  Pond. 

High  Water, 
148.25. 


Lake 
Oodiitoate. 

High  Water, 
1M4». 


MjstlcLake. 

High  Water, 

7.00. 


Jan.  1, 

Feb.  1, 
Maroh  1, 

April  1, 

May  1, 

Jane  1, 

July  1, 

Aag.  1, 

Sept.  1, 

Oct.  1, 

Nov.  1, 

Dec.  1, 


166.17 

175.75 

213.86 

204.30  . 

149.67 

132.30 

166.16 

175.48 

214.51 

204.27 

149.80 

132.40 

167.8S 

176.53 

215.38 

205.27 

149.54 

133.66 

166.87 

175.80 

214.78 

204.56 

149.54 

133.02 

167.85 

175.44 

215.20 

294.06 

149.44 

184.26 

166.65 

172.58 

215.24 

295.18 

149.18 

183.27 

162.40 

178.02 

213.70 

294.76 

148.95 

132.22 

162.73 

168.55 

108.52 

294.64 

148.59 

130.55 

162.78 

168.33 

185.22 

282.24 

148.26 

128.02 

102.82 

171.86 

182.25 

270.98 

148.60 

128.26 

168.54 

174.75 

186.70 

268.45 

148.72 

127.00 

163.70 

175.50 

100.78 

264.18 

148.83 

127.80 

6.05 
6.54 
6.71 
6.65 
6.72 
5.53 
4.11 
0.56 
—3.07 
1.35 
2.35 
6.51 


Water  Supply  op  Bbadpobd. 

Works  for  supplying  the  town  of  Bradford  with  water  from  John- 
son's Pond,  in  the  towns  of  Boxford  and  Groveland,  were  completed 
in  March,  1896,  and  the  former  sources  of  supply,  consisting  of  wells 
on  Porter's  Island  and  the  southerly  shore  of  the  Merrimack  River 
below  Bradford  and  Haverhill,  were  abandoned  on  account  of  the 
poor  quality  of  the  water.  The  deterioration  of  the  water  of  these 
wells,  as  shown  by  chemical  analyses,  has  been  noted  in  the  previous 
reports. 

Johnson's  Pond,  the  new  source  of  supply,  has  an  area  of  222 
acres,  a  maximum  depth  of  32  feet  and  an  average  depth  of  14  feet. 
Its  total  capacity  is  about  1,000,000,000  gallons.  The  shores  of 
the  pond  and  a  large  portion  of  the  bottom  are  sandy.  In  the 
deeper  portions  the  bottom  is  said  to  be  muddy,  but  the  area  of 
muddy  bottom  is  said  to  be  small  compared  with  the  total  area  of 
the  pond.  The  area  of  the  watershed,  as  measured  on  the  State 
map,  is  about  4.9  square  miles,  including  the  area  of  the  pond  and 
of  Chadwick's  Pond,  which  is  included  within  the  watershed.  The 
watershed  is  for  the  most  part  high  gravelly  land,  with  a  very  limited 
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BBABFORD. 

area  of  swamp  land,  and  the  population  on  the  watershed  is  small 
in  comparison  with  its  area.  Several  houses,  occupied  for  the  most 
part  in  the  summer  season,  are  located  near  the  shores  of  the  pond, 
and  the  advice  of  the  State  Board  of  Health  with  reference  to  the 
protection  of  the  purity  of  the  water  supply  from  danger  of  pollution 
by  these  houses  may  be  found  on  pages  70  and  71  of  this  volume. 

ChemiccU  Examination  of  Water  from  the  Wells  of  the  Bradford  Water  Works, 

[ParU  per  100»000.] 


a 

o 


i 
I 

O 


15866 
16021 


18IKI. 

Jan.   10 

Feb.     6 


Appkabamcb. 


6  ^ 

i  S 

H  Si  6 


DUtlnet, 

milky. 

DiiUnct. 


Cons., 

rusty. 
Slight. 


.60 
.70 


ft 

a  >. 

s 


5.10 
6.50 


Ammonia. 

• 

s 

o 

• 

i^ 

h. 

< 

.0318 
,0498 


.0022 
.0058 


o 


.31 
.27 


NlTROaSK 
A8 


1 

s 

s 

g 

SQ 

.0100 
.0180 


.0003 
.0003 


c 

c6 


M 

o 


.21 
.41 


s 

a 


2.3 
2.1 


a 


.2180 
.2000 


Averages  by  Years, 


1880« 

- 

- 

.00 

3.05 

.0000 

.0014 

.21 

.0400 

.0000 

- 

1.6 

1890t 

- 

- 

.00 

5.30 

.0002 

.0036 

.34 

.0150 

.0001 

- 

2.6 

18911 

- 

- 

.04 

5.40 

.0000 

.0027 

.23 

.0350 

.0001 

- 

1.8 

1892 

- 

- 

.03 

6.50 

.0262 

.0029 

.28 

.0760 

.0003 

- 

2.4 

1893 

- 

- 

.33 

5.80 

.0297 

.0047 

.30 

.0475 

.0008 

.10 

2.6 

1894 

- 

- 

.43 

6.08 

.0400 

.0056 

.28 

.0244 

.0008 

.12 

2.4 

1895 

- 

- 

.50 

5.06 

.0552 

.0064 

.31 

.0154 

.0003 

.16 

2.4 

1896$ 

- 

- 

.66 

5.80 

.0408 

.0040 

.29 

.0140 

.0003 

.81 

2.2 

.1022 

.on4 

.1453 
.2221 
.2090 


July. 


t  October. 


X  April,  two  samplet. 


S  JftDoary  to  Jaly. 


Non  to  analyies  of  1896 :  Odor,  vegetable. The  samples  were  eoUecied  from  faucets  in  the  town. 


Microscopical  Examination. 


No.  15866.    Fangi,  OrenothriXf  6. 
No.  16021.    Fungi,  Crenothrix^  120. 
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BRADFORD. 

Chemical  Examination  of  Water  from  Johnson*s  Pond  in  Boxford  and  Groveland. 

[Parts  per  100,000.] 


• 

g 

S 

« 

Q 

Appbarakob. 

Rrsioub  cm 

EVAPORA- 
TIOK. 

AmCONIA. 

o 

.89 
.37 

.40 

.85 

.88 

.41 

.38 
.41 
.41 
.42 
.48 

.40 

NlTROOKN 
A8 

• 

1 

a 

as 

1 

a 

1 

• 

t 
1 

i 

(2S 

1 

t 

A 

r 

1 

Albuminoid. 

• 

s 

5Z5 

• 

1 

1 

1 

• 

1 
1 

• 

00 

8 

t 

» 

16199 
16388 

16558 

16730 

16928 

16984 
17129 
17378 
17596 
17789 
18001 

1806. 

Mar.  6 
Apr.  9 

May   6 

June  4 

Jaly  6 

July  14 
Aug.  5 
Sept.  9 
Oct.    7 
Nov.  5 
Deo.  7 

Dlstlnot. 
None. 

Slight. 

mUky. 
Slight. 

Distinct. 

Slight. 
Slight. 
Slight. 
None. 
V.  slight. 
V.  slight. 

Slight. 
SUght. 

earthy. 
SUght. 

Cons., 

floe. 
Slight, 

rusty. 
Slight. 
Slight. 
Slight. 
V  .slight. 
V.sUght. 
V.  sUght. 

.27 
.22 

.82 

.36 

.25 

.15 
.12 
.12 
.05 
.10 
.15 

.19 

4.40 
4.10 

4.50 

5.60 

4.10 

4.55 
4.80 
4.70 
4.10 
4.05 
4.15 

1.55 

1.10 

1.55 
1.50 
1.25 
1.15 
1.30 
1.20 

.0016 
.0000 

.0012 

.0022 

.0004 

.0016 
.0032 
.0002 
.0000 
.0008 
.0008 

.0011 

.0148 
.0134 

.0140 

.0212 

.0172 

.0228 
.0232 
.0216 
.0184 
.0184 
.0154 

.0186 

.0108 

.0150 

.0202 
.0216 
.0174 
.0148 
.0150 
.0126 

.0157 

.0026 

.0022 

.0026 
.0016 
.0042 
.0036 
.0034 
.0028 

.0029 

.0070 
.0030 

.0020 

.0000 

.0100 

.0000 
.0050 
.0020 
.0030 
.0020 
.0030 

I 
.0082 

1 

.0000 
.0000 

.0000 

.0000 

.0000 

.0001 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 

.83 
.82 

.81 

.89 

.84 

.87 
.28 
.26 
.31 
.26 

.82 

1.8 
1.7 

2.1 

2.1 

2.2 

1.9 
2.1 
2.1 
1.9 
1.9 
2.1 

Av. .. 

4.82 

1.32 

2.0 

Odor,  generally  faintly  vegetable  or  mouldy. Nos.  16984, 17129  and  17378  were  collected  from  the 

pond,  near  the  point  from  which  the  supply  of  Bradford  is  drawn,  and  the  others  from  faucets  in  the 
town. 


Microscopical  Examination  of  Water  from  Johnson* a  Pond  in  Boxford  and 

Qroveland. 

[Number  of  organisms  per  cubic  centimeter.] 


PLANTS. 
Diatomaoeeo,    . 
Asterionella,     . 


Cyolotella, 
Melosira,    . 
Stephanodiscus, 
Synedra,    . 
Tabellaria, 


OyanophyoeeBt 

Anabeena,  . 
Clathrocystis,    • 
Microcystis, 

AlfiTSB*     • 

Protooocous, 
Staurastrum,     . 


« 

1806. 

Mar. 

Apr. 

May. 

Jane. 

July. 

July. 

Aug. 

Sept. 

Oct, 

Not. 

Dec. 

Day  of  examination,       .... 
Number  of  sample,         .... 

16109 

10 
16888 

7 
16558 

6 
16780 

7 
10928 

15 
10084 

6 
17129 

9 
17878 

8 
17596 

5 
17789 

8 
18001 

42 

20t 

7 

2 

8 

0 

17 

88 

96 

_ 

27 

180 

0 

0 

0 

0 

12 

80 

84 

. 

0 

0 

7 

2 

0 

0 

0 

0 

2 

. 

0 

0 

0 

0 

0 

0 

4 

4 

0 

• 

1 

11 

0 

0 

0 

0 

0 

0 

0 

. 

18 

6 

0 

0 

9 

0 

1 

4 

10 

- 

1 

6 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

8 

11 

96 

4 

2 

0 

. 

0 

0 

0 

0 

9 

60 

0 

0 

0 

. 

0 

0 

0 

8 

1 

0 

0 

0 

0 

- 

0 

0 

0 

0 

1 

86 

4 

2 

0 

- 

0 

0 

10 

5 

8 

5 

1 

0 

0 

_ 

0 

0 

10 

0 

0 

5 

1 

0 

0 

- 

0 

0 

0 

5 

8 

0 

0 

0 

0 

2 
0 
0 
2 
4 
0 

0 

0 
0 
0 

0 

0 

0 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BRADFORD. 

Microscopical  Examination  of  Water  from  Johnson's  Pond  in  Boxford  and 

Qroveland —  Concluded. 


[Number  of  organltma  per 

cable  eentimeter.] 

1806. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Jaly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria.   . 

Ceratiam,  . 

Codonella, 

DInobryon, 

Peridiniam, 

Tracbelomonae, 

Vermes,  Polyarthra,  . 

Crustacea, . 

Boamina,   . 
Cyelopa,     . 

MUcelianeous, . 

Acarlna,     . 
ZcKSgloea,    . 

Total, 


804 

0 
2 
801 
1 
0 


0 
0 


0 
0 
2 
0 
0 


.10 

.02 
.08 


10 

1 

1 

0 

6 

4 

32 

pr. 

1 

1 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

4 

80 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

2 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

8 

0 
0 
2 
6 
0 


0 
0 


- 

0 

.02 

0 

0 

0 

20 

20 

5 

5 

. 

0 

.02 

0 

0 

0 

.06 

0 

0 

0 

• 

0 

0 

0 

0 

0 

20 

20 

6 

5 

- 

346 

204 

27 

16 

29 

123 

48 

49 

133 

0 
0 


16 


Chemical  Examination  of  Water  from  Johnsoh*s  Pond^  at  its  Outlet  in  Qroveland, 

[Parte  per  100,000.] 


• 

APPBAEAirCK. 

rb8iddb  on 
Evapora- 

Ammonia. 

NlTBOOBH 

AS 

• 

1 

tion. 

I 

M 

c 

• 

s 

Albuminoid. 

1 

s 

6 

o 

§ 

1 

* 

o 
o 

• 

§1 

• 

I 

1 

Dissolved. 

Sus- 
pended. 

o 

s 

1 

2 

5 

a 

1 

5 

i 

1806. 

16065 

Jaly  14 

DUtlnct. 

Cone., 
raety. 

.22 

5.10 

1.85 

.0020 

.0348 

.0324 

.0024 

.36 

.0000 

.0000 

2.4 

Odor,  aopleaeant. The  eample  wae  collected  from  the  pond,  at  ita  outlet. 


Microscopical  Examination, 

An  ineignlficant  number  of  organlsma  waa  found  in  thia  sample. 


122 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


BRADFORD. 

Chemical  Examination  of  Water  from  Johnson*s  Pond  in  Boxford  and  Groveland. 

[Parts  per  100,000.] 


• 

1 
1 

o 

S 

« 

Q 

Appbarakok. 

RXSIOtTK  CM 

EVAPOHA- 

TION. 

AmcoinA. 

1 

NrrROGEN 

AS 

• 

a 

a 

m 

1 

a 

1 

• 

i 
f 

a 

1 

1 

i 

Loss  on 
Ignition. 

• 

Albamlnoid.     | 

• 

5 

JZ5 

• 

1 

1 

^ 

t 
1 

Sus- 
pended. 

1 

s 

1806. 

16109 

Mar.  6 

Distinct. 

Slight. 

.27 

4.40 

. 

.0016 

.0148 

— 

- 

.39 

.0070 

.0000 

.33 

1.8 

16388 

Apr.  0 

None. 

SUght. 
earthy. 

.22 

4.10 

1.55 

.0000 

.0134 

.0108 

.0026 

.37 

.0030 

.0000 

.82 

1.7 

16553 

May    6 

Slight. 
mUky. 

SUght. 

.32 

4.50 

" 

.0012 

.0140 

~ 

~ 

.40 

.0020 

.0000 

.31 

2.1 

16730 

June  4 

Slight. 

Cons., 
floe. 

.35 

5.60 

— 

.0022 

.0212 

— 

~ 

.85 

.0000 

.0000 

.89 

2.1 

16928 

July  6 

Distinot. 

Slight, 
msty. 

.25 

4.10 

1.10 

.0004 

.0172 

.0150 

.0022 

.38 

.0100 

.0000 

.34 

2.2 

16984 

July  14 

Slight. 

Slight. 

.15 

4.55 

1.55 

.0016 

.0228 

.0202 

.0026 

.41 

.0000 

.0001 

— 

1.9 

17129 

Aug.  5 

Slight. 

SUght. 

.12 

4.80 

1.50 

.0032 

.0232 

.0216 

.0016 

.38 

.0050 

.0000 

.37 

2.1 

17378 

Sept.  9 

Slight. 

Slight. 

.12 

4.70 

1.25 

.0002 

.0216 

.0174 

.0042 

.41 

.0020 

.0000 

.28 

2.1 

17596 

Oct.    7 

None. 

V  .sUght. 

.05 

4.10 

1.15 

.0000 

.0184 

.0148 

.0036 

.41 

.0030 

.0000 

.26 

1.9 

17789 

Nov.  5 

V.  slight. 

V.sUght. 

.10 

4.05 

1.30 

.0008 

.0184 

.0150 

.0034 

.42 

.0020 

.0000 

.31 

1.9 

18001 

Deo.  7 

V.  slight. 

V.  sUght. 

.15 
.19 

4.15 

1.20 

.0008 

.0011 

.0154 

.0180 

.0126 
.0157 

.0028 
.0029 

.48 
.40 

.0030 

.0000 
.0000 

.26 

2.1 

Av.  • . 

4.32 

1.32 

.0082 

.32 

2.0 

Odor,  generally  faintly  vegetable  or  monldy. Nos.  16984, 17129  and  17378  were  collected  from  the 

pond,  near  the  point  from  which  the  supply  of  Bradford  is  drawn,  and  the  others  from  fauoets  in  the 
town. 


Microscopical  Examination  of  Water  from  Johnson's  Pond  in  Boxford  and 

Qroveland. 


PLANTS. 
Diatom aoeeo,    . 
Asterionella,     . 


Cyolotella, 
Melosira,    . 
Stephanodiscns, 
Synedra,    . 
Tabellaria, 


Oyanophyoeee* 

Anabfena,  . 
Clathrocystis,   . 
Microcystis, 

AlfiTSB*     • 

Protococens, 
Staurastrum, 


[Namber  of  organism 

9  per 

cubic  centimeter.] 

« 

1806. 

Mar. 

Apr. 

May. 

Jane. 

July. 

July. 

Aug.  Sept. 

Oct 

Not. 

Dec. 

Day  of  examination 

Number  of  sample*         .... 

16199 

10 
16888 

7 
16553 

6 
16730 

7 
10928 

15 
16984 

6 
17129 

9 
17378 

8 
17596 

5 
17789 

8 
18001 

42 

27 
0 
0 
1 

13 
1 


0 
0 
0 

0 
0 


tot 

180 
0 
0 
11 
6 
5 

0 

0 
0 
0 

0 

0 
0 


0 
7 
0 
0 
0 
0 


0 
0 
0 

10 

10 
0 


2 

0 
2 
0 
0 
0 
0 

8 

0 

8 
0 


0 
5 


8 

0 
0 
0 
0 
9 
0 

11 

9 
1 
1 

8 

0 

8 


0 

0 
0 
0 
0 
0 
0 


60 

0 

86 

5 

5 

0 


17 

12 
0 
4 
0 
1 
0 

4 

0 
0 

4 

1 

1 


30 
0 

4 
0 
4 
0 

2 

0 
0 
2 


0 
0 


84 
2 
0 
0 

10 
0 

0 

0 
0 
0 


0 
0 


2 
0 
0 
2 
4 
0 

D 

0 
0 
0 

0 

0 
0 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BRADFORD. 

Microscopical  Examination  of  Water  from  Johnson's  Pond  in  Boxford  and 

Oroveland  —  Concluded. 

[Number  of  orgRDlsms  per  cubic  centimeter.] 


ANIMALS. 


Infusoria, 


Ceratiam,  . 

CodooellA, 

DinobryoD, 

Peridininm, 

Trachelomonae, 


Vermes,  Polyarthra,  . 


Crustacea, 

Boemina, 
Cyclops, 


1806. 


Mar. 


Apr. 


May. 


Jane. 


July. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec 


804 

0 
2 
301 
1 
0 


0 
0 


0 
0 

s 

0 
0 


.10 

.02 
.08 


10 

1 

1 

0 

6 

4 

32 

pr. 

1 

1 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

4 

30 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

2 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

8 

0 
0 
2 
6 
0 


0 
0 


Mi»cellaneou§, 

A  carina, 
Zo5gloea,    , 


0 
0 


.02 

.02 
0 


0 
0 


0 
0 


0 
0 


20 

.00 
20 


20 

0 
20 


0 
6 


0 
5 


0 
0 


Total, 


346 


204 


27 


16 


20 


123 


48 


40 


133 


16 


Chemical  Examination  of  Water  from  Johnson*s  Pond^  at  Us  Outlet  in  Oroveland. 

[ParU  per  100,000.] 


• 

1 

APPBARAirCS. 

Rbsiddb  cm 

EVAPOBA- 
TIOM. 

Ammonia. 

• 

9 

a 
i: 
o 

u 
.36 

NiTBOOBN 

AS 

• 

1 

M 

a 
1 
1 

6 

1 

i 
1 
1 

* 

• 

Loss  on 
Ignition. 

i 

fa 

Albuminoid. 

• 

s 

• 

m 

1 

s 

i 

Dissolved. 

Sus- 
pended. 

1 

a 

16065 

18IKI. 

July  14 

DUUoet. 

Cent., 
rusty. 

.22 

5.10 

1.85 

.0020 

.0348 

.0324 

.0024 

.0000 

.0000 

- 

2.4 

Odor,  anpleasant. The  sample  was  collected  from  the  pond,  at  its  outlet. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  In  this  sample. 


124 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


BBAINTRBE. 

Water  Supply  op  Braintree. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Braintree 
relative  to  increasing  the  water  supply  of  the  town  by  taking  water 
from  tubular  wells  located  on  the  shore  of  Little  Pond,  a  short 
distance  north  of  the  present  filter-gallery,  may  be  found  on  pages 
11  to  14  of  this  volume.  Analyses  of  samples  of  water  from  the 
filter-gallery  and  from  tubular  test  wells  along  the  easterly  shore  of 
the  pond,  near  the  filter-gallery,  are  given  in  the  following  tables  :  — 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Braintree  Water 

Works. 

[Parto  per  100,000.] 


Date  of 

Collection. 

Appbabakoe. 

Residue  on 

Evaporation. 

1    AmioMiA. 

Chlorine. 

Nitrogen 

A8 

Oxygen 

Consamed. 

• 

1 

S3 

• 

1 

Si 

2 

o 
H 

c 
« 

S 

•3 

• 

o 

i 

• 

o 

Qt 

• 

1 

• 

e 

S 

1.^ 

15863 
16198 

1806. 

Jan.     9 

Mar.    5 

v.  slight, 
ruBty. 
None. 

Slight, 

rusty. 
V.  Blight. 

• 

.02 

.18 

5.90 
5.60 

.0004 
.0002 

.0038 
.0068 

.94 
.82 

1 

.0000 
.0650 

.0000 
.0000 

.05 
.19 

2.1 
1.8 

.0080 
.0280 

16647 

May     6 

None. 

None. 

.10 

4.20 

.0000 

.0040 

.80 

.0280 

.0000 

.17 

1.5 

.0060 

16921 
17095 

July    6 
Jaly  29 

V.  Blight, 
milky. 
1  None. 

v.  slight. 
None. 

.12 
.05 

5.40 
4.60 

.0000 
.0000 

.0044 
.0050 

.82 
.83 

.0170 
.0120 

.0002 
.0000 

.12 

1.5 
1.6 

.0240 
.0060 

17408 

Sept.   9 

None. 

None. 

.07 

5.60 

.0022 

.0074 

.84 

.0050 

.0000 

.13 

1.4 

.0010 

17865 

Nov.  13 

None. 

1 

v.  Blight. 

.02 

6.00 

.0008 

.0042 

.92 

1.0250 

! 

.0001 

.08 

2.0 

.0040 

Averages  by  Years, 


_• 

- 

- 

.07 

7.14 

.0006 

.0045 

.85 

.0948 

.0003 

- 

- 

1892 

- 

- 

.02 

4.60 

.0002 

.0030 

.75 

.0192 

.0001 

- 

1.8 

1893 

- 

- 

.03 

4.72 

.0002 

.0049 

.83 

.0368 

.0001 

.10 

1.8 

1894 

- 

- 

.04 

5.19 

.0004 

.0048 

.86 

.0338 

.0001 

.10 

1.7 

1895 

- 

- 

.12 

5.32 

.0004 

.0060 

.89 

.0369 

.0002 

.13 

2.0 

18961 

- 

- 

.08 

5.55 

.0006 

.0051 

.86 

.0329 

.0000 

.12 

1.7 

.0343 
.0087 
.0135 
.0417 
.0095 


•  June,  1887,  to  May,  1888. 

t  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

NoTS  to  analyses  of  1896:  Odor,  none.    A  faintly  vegetable  odor  was  developed  on  heating  the 

samples  collected  in  March,  May  and  November. No.  17408  was  collected  from  the  fllter.gallery  and 

the  others  from  a  faucet  at  the  pumping  station. 


Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  Nos.  15863  and  16198;  no  organisms  were  found 
Id  the  other  samples. 
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Chemical  Examination  of  Water  from  Tubular  Test  Wells  near  LitUe  Pond, 

Braintree. 

[Parts  per  100,000.] 


a 

a 


17004 
18104 
18106 
18106 


9 

1 


o 


18INI. 

July  20 

Dec.  12 
Dec.  12 
Dec.  12 


Appbaramcr. 

itlon. 

bS 

• 

• 

°%. 

♦• 

S 

«  « 

•o 

S 

o  > 

2 

1 

g 

1 

s 

Decided, 

Cods., 

.05 

5.10 

clayey. 

sandy. 

dllght, 
clayey. 

Cods., 
earthy. 

.00 

6.70 

Slight. 

Cods., 

.00 

7.10 

clayey. 

earthy. 

Slight, 

Cods., 

.02 

4.80 

clayey. 

earthy. 

Ammonia. 


• 

•o 

o 

c 

a! 

s's 

£ 

iS 

^ 

.0000 
.0008 
.0006 
.0004 


.0024 
.0020 
.0012 
.0044 


a> 

a 

I 

Xi 


0.87 
1.14 
1.16 
0.06 


NiTHOOBM 
AS 


5 


.0220 
.1400 
.1250 
.0400 


.0000 
.0001 
.0001 
.0001 


% 


b6 

I 


s 


«3 


.04 

1.0 

.01 

2.4 

.05 

2.5 

.10 

1.6 

.0200 
.0140 
.1000 
.0450 


Odor,  Qooe,  beeomiog  faintly  earthy  or  mouldy  on  heating. The  samples  were  collected  from 

tabalar  wells  located  on  the  easterly  shore  of  Little  Pond,  17  feet  from  the  hlgh-water  mark,  as  follows : 
the  first  sample,  from  a  two-Inch  test  well  105  feet  north  of  the  filter-gallery  of  the  Braintree  Water 
Works;  the  last  three  samples,  from  six-inch  tobalar  wells  located  140, 165  and  100  feet  north  of  the 
filter-gallery. 

Microscopical  Examination, 

No.  17004.    Fangl,  OrenotArix,  1,600.    No  organisms  were  found  in  the  remaining  samples. 


Water   Supply   of  Bridgewater    and   East    Bridgewater. — 

The  Bridgewaters  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Bridgewaters  Water  Company, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbaramcb. 

Residue  on 
Evaporation. 

Ammonia. 

• 

o 

NITBOOBN 
AS 

Oxygen 

Consamed. 

S 

1 

n 

• 

1 

• 

1 

a 
H 

§ 

a 
1 

GO 

o 

6 

• 

Albu- 
minoid. 

• 

■ 

s 

• 

1 

5 

JZ5 

• 

1 

16886 

1806. 

June  24 

Distinct, 
milky. 

Slight. 

.10 

1 
6.80 

.0000 

.0006 

.30 

.0080 

.0000 

1 
.04 

2.2 

.0260 

Odor,  none. The  sample  was  collected  from  a  faucet  at  the  pumping  station. 


Fangl,  Orenothrix,  600. 


Microscopical  Examination, 


Water  Supply  of  Brockton. 

In  connection  with  an  investigation  with  reference  to  an  additional 
water  supply  for  the  city  of  Brockton,  samples  of  water  from  several 
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ponds  and  streams  in  towns  in  the  vicinity  of  the  city  have  been 
analyzed.  For  the  results  of  the  analyses,  see  Abington,  Hanson, 
Pembroke  and  Kingston. 


Chemical  Examination  of  Water  from  Salisbury  Brook  Storage  Beservoir, 

[Partfl  per  100,000.] 


1 

6 

Appkahakob. 

Rksidub  on 

EVAPOBA- 
TIOK. 

Ammonia. 

• 

•c 

1 

o 

.34 

NiTBOOBN 
AS 

• 

§ 

as 

1 

• 

•3 

1 

s 

S 

• 

•o 

1 

1 

5 

■ 

Albuminoid. 

• 

i 

s 

1 

•25 

1 

55 

• 

1 

1 

Q 

•o 
00 

• 

i 

e 

1 

15867 

1806. 

Jan.  13 

Blight. 

V.  slight. 

1.00 

3.95 

1.90 

.0008 

.0206 

.0196 

.0010 

.0070 

.0001 

.94 

0.8 

16030 

Feb.  10 

Blight. 

Blight. 

0.85 

4.45 

1.70 

.0016 

.0194 

.0178 

.0016 

.33 

.0050 

.0001 

.60 

1.0 

16209 

Mar.  9 

V.  slight. 

V.  alight. 

0.70 

3.55 

1.40 

.0004 

.0146 

.0184 

.0012 

.34 

.0080 

.0000 

.60 

0.8 

16358 

Apr.  6 

Slight. 

Blight. 

0.50 

2.75 

1.10 

.0000 

.0154 

.0140 

.0014 

.29 

.0000 

.0000 

.47 

0.5 

16567 

May  11 

Distinct. 

Slight. 

0.48 

2.85 

1.80 

.0000 

.0220 

.0130 

.0090 

.37 

.0020 

.0000 

.49 

0.6 

16748 
10051 

Jane  8 
July  8 

Slight. 
Distinct. 

Slight, 

rusty. 
Cons. 

0.60 
0.70 

8.10 
8.15 

1.40 
1.45 

.0022 
.0002 

.0236 
.0218 

.0212 
.0184 

.0024 
.0034 

.32 
.38 

.0000 
.0050 

.0000 
.0000 

.65 
.78 

0.5 
0.4 

17167 

Aug.lO 

Distinct. 

Cons. 

0.50 

3.40 

1.40 

.0018 

.0234 

.0210 

.0024 

.40 

.0000 

.0001 

.02 

0.6 

17387 
17595 

Sept.  7 
Oct.  6 

Distinct. 
Slight. 

Cons., 

brown. 
Slight. 

0.48 
0.40 

3.80 
3.65 

1.45 
1.70 

.0000 

.0020 

.0250 
.0282 

.0106 
.0226 

.0054 
.0056 

.40 
.42 

.0030 
.0000 

.0001 
.0000 

.45 
.69 

0.4 
0.8 

17807 

Nov.  9 

Distinct. 

Blight. 

0.67 

3.95 

2.00 

.0000 

.0204 

.0228 

.0036 

.48 

.0020 

.0000 

.81 

0.8 

18006 

Dec.  7 

Distinct. 

Slight. 

0.85 

4.50 

1.80 

.0000 

.0280 

.0200 

.0080 

.55 

.0000 

.0000 

.82 

1.2 

• 

A 

verag 

es  by 

Years. 

- 

1887* 

- 

- 

.99 

4.94 

2.25 

.0033 

.0641 

- 

- 

.38 

.0069 

. 

- 

. 

- 

1888 

- 

- 

.76 

3.76 

1.61 

.0031 

.0869 

- 

- 

.31 

.0006 

.0001 

- 

- 

- 

1889 

- 

- 

.78 

2.79 

1.01 

.0028 

.0306 

.0218 

.0088 

.30 

.0048 

.0002 

- 

- 

- 

1890 

- 

- 

.76 

4.07 

1.98 

.0016 

.0274 

.0219  .0055 

.32 

.0063 

.0001 

- 

0.9 

- 

1891 

- 

- 

.62 

3.15 

1.45 

.0010 

.0213 

.0160 

.0044 

.28 

.0061 

.0001 

- 

0.0 

- 

1892 

- 

- 

.55 

8.41 

1.37 

.0004 

.0213 

.0168  .0045 

.36 

.0030 

1 

.0000 

- 

0.7 

- 

1893 

- 

- 

.67 

8.59 

1.70 

.0007 

.0237 

.0196  .0041 

.40 

.0019 

.0001 

.66 

0.7 

- 

1894 

- 

- 

.81 

3.71 

1.63 

.0012 

.0228 

.0188 

.0040 

.44 

.0021 

.0000 

.60 

0.7 

- 

1895 

- 

- 

.80 

8.75 

1.86 

.0009 

.0263 

.0224 

.0039 

.43 

.0018 

.0000 

.74 

0.0 

- 

1896 

- 

- 

.04 

3.69 

1.66 

.0007 

.0224 

.0180 

.0038 

.88 

.0022 

.0000 

.00 

0.0 

*  June  to  December. 

Nora  to  analyses  of  1806:  Odor,  vegetable  or  mouldy. The  samples  were  collected  from  the 

reservoir,  near  the  gate-house,  1  foot  beneath  the  surface.  For  monthly  record  of  height  of  water  in  this 
reservoir,  see  page  128. 
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Microscopical  Examinalion  of  Water  from  Salisbury  Brook  Storage  Reservoir. 

[Number  of  organisms  per  eabic  eentimeter.] 


18IKI. 

Jan. 

Feb. 

Mar. 

Apr. 

Utj. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

Day  of  examination, 

Number  of  sample, .... 

16 
15867 

11 
16030 

10 
16209 

7 
163ft8 

12 

16567 

11 
16748 

0 
16051 

11 
17167 

0 
17887 

8 
17505 

10 
17807 

8 
18006 

PLANTS. 
Diatomaoeeo,    . 

Asterionella, 
Cyclotella, . 
Diatoma,  . 
Bunotia,  . 
Ifelosira,  . 
NitzMshia,  . 
.  Stephanodiscus, 
Bynedra,  . 
Tabellaria, 

AlflreOf    • 

Conferra,  . 

Eudorina,  . 

Protoooccus, 

Rapbidlum, 

Stauraatrum,     . 

Btaurogenia, 

Zoospores, 


41 

66 

m 

425 

28 

40 

116 

400 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

17 

1 

8 

11 

0 

1 

21 

8 

1 

0 

8 

0 

0 

»o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

8 

1,187 

1,000 

0 

0 

0 

21 

0 

0 

40 

76 


18 

0 

0 

17 

0 

0 
0 

1 


1,082 

1,595 

188 

892 

1,296 

224 

81 

22 

104 

260 

0 

60 

0 

0 

0 

0 

0 

0 

4 

4 

800 

0 

0 

0 

0 

8 

0 

0 

70 

482 

0 

0 

2 

0 

4 

0 

0 

0 

0 

0 

0 

0 

6 

6 

212 

0 

1,504 

108 

208 

884 

0 

19 

8 

2 

10 

0 

0 

0 

0 

0 

0 

0 

• 

0 

0 

0 

0 

2 

0 

2 

0 

17 

0 

0 

8 

0 

1 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

188 
0 
4 
0 
18 
0 
2 
4 
1,688 


0 

0 

4 

12 

14 


48 
0 
0 
0 

76 
0 
4 
4 

52 


82 

24 
0 
0 
0 
0 
0 
8 


ANIMALB. 

Infusoria,   . 


Ciliated  infusorian, 

Oodonella, . 

Cryptomonas, 

Dtnobryon, 

Buglena,    . 

MaUomonas, 

Monas, 

Peridinium, 

Pliaeus, 

Trachelomonas, 


Vermes, 


Annrea, 
Aspiancbna, 
Poiyartbra, 
Rotifer, 


4 

2 

412 

828 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

408 

824 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

4 

2 

4 

4 

7 

0 

0 

0 

0 

4 

0 

0 

0 

0 

4 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

• 

8 

0 
1 
0 
0 
0 
0 
0 
0 
0 
2 


1 

0 
0 
0 

1 


0 

0 

14 

6 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

6 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

6 

0 

0 

0 

0 

0 

6 

0 

2 

4 

1 

2 

0 

4 

0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

48 

0 
1 

8 
01 

2; 

2 
0 


2 
0 
8 
0 
0 
0 
8 


28'    80 
0       0 


0 

4 
0 
0 


MiMcellatieout,  Zooglora, 

0 

0 

0 

0 

120 

40 

10 

40 

80 

70 

80 

80 

Total, 

48 

60 

686 

766 

1 
1,293  1,076 

1,685 

188 

488 

1,386 

2,067 

308 
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Table  shounng  Height  of  Water  in  Salisbury  Brook  Storage  Reservoir^  Brockton^ 

on  the  First  Day  of  Each  Month  in  1896, 

[NoTS.>-Higb.water  mark  is  14.25  feet.] 


Date. 


Height 

of 
Water. 


1806. 


Jan.  1, . 
Feb.  1, . 
March  1, . 
April  \* 
May  1.. 
Jnne    1, . 


Feet 
14.66 


14.41 
14.70 
15.16 
14.95 
14.31 


Datb. 


Height 
Water. 


1806. 


July  1, 
Aug.  1, 
Sept.  1, 
Oct.  1, 
Nov.  1, 
Deo.  1, 


Feet 
14.77 


18.17 
11.42 
12.64 
14.83 
14.48 


*  About  April  1, 1896,  the  water  was  raised  temporarily  18  Inches  above  high-water  mark. 


Chemical  Examination  of  Water  Jrom  Underdrains  beneath  the  Sewers  at 

Brockton. 

[Parts  per  100,000.] 


• 

g 

Appbaranok. 

• 

a 
o 

Ammohia. 

NiTBOOBir 

i 

S 

AS 

a 

t 

at 

. 

0 

1 

a 

Date  Of 
Coll 

f 

■J 

a 

§ 

• 

i 

Kesldne  01 
Evapo 

• 

1 

b4 

Albu- 
minoid 

• 

t 

1 

• 

s 

1 

Oxygen 
Ck>ni 

• 

S 
1 

• 

1 

1806. 

16277 

Mar.  17 

Decided. 

Cons., 
rusty. 

.18 

19.10 

.4800 

.0080 

3.02 

.8650 

.0027 

.42 

5.6 

.0450 

17008 

July  16 

Distinct, 
milky. 

Slight, 
rusty. 

.28 

16.40 

.3960 

.0120 

2.52 

.2000 

.0050 

.83 

7.3 

.0900 

17857 

Nov.  11 

Distinct. 

Cons., 
floe. 

.30 
.25 

17.40 

.4800 

.0160 

2.40 

.3000 

.0100 

.60 

5.9 

.1420 

Av.. 

17.63 

.4520 

.0120 

2.65 

.2888 

.0050 

.42 

6.8 

.0928 

Odor,  decidedly  tarry  and  unpleasant. The  samples  were  ooUected  from  an  underdraln,  at  its 

outlet  into  Salisbury  Plain  River,  at  Factory  Village. 


Microscopical  Examination. 

The  average  nnmber  of  organisms  per  cubic  centimeter  found  In  these  samples  was  513,  consisting 
chiefly  of  Orenothriap' 
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Wateb  Supply  op  Brooelinb. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Low-service  Pumping 

Station  of  the  Brookline  Water  Works. 

[Parts  p«r  100,000.] 


10095 
10400 
16827 
17210 
17630 
18116 


& 


18INI. 

Feb.  19 

Apr.  18 
June  17 
Aug.  16 
Oet.  12 
Dec.  14 


AFPBAfiAVOB. 


a 


None. 
None. 
None. 
None. 
None. 
None. 


None. 
None. 
None. 
None. 
None. 
None. 


.02 
.01 
.04 
.08 
.04 
.06 


9.10 
8.20 
6.60 
8.80 
8.80 
9.00 


Ammonia. 


I 


i 


I 


.0000 
.0002 
.0000 

.0014 
.0010 
.0016 


.0024 
.0024 
.0024 
.0084 
.0082 
.0060 


.66 

.66 
.68 

.62 
.60 
.61 


NlTROOKir 
▲8 


.0880 
.0200 
.0400 
.0180 
.0600 
.0400 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.12 
.11 
.06 
.11 
.11 
.10 


i 


4.6 
4.0 
6.1 
4.4 

4.4 

4.9 


.0080 
.0080 
.0010 
.0010 
.0080 
.0000 


Averages  by  Years. 


. 

1887* 

- 

- 

.00 

7.16 

.0004 

.0028 

.66 

.0261 

. 

_ 

• 

• 

- 

1888 

- 

- 

.04 

6.76 

.0002 

.0049 

.62 

.0826 

.0000 

- 

- 

- 

- 

1889t 

- 

- 

.03 

6.44 

.0003 

.0089 

.54 

.0205 

.0000 

- 

- 

- 

- 

1894 

- 

- 

.02 

9.01 

.0010 

.0017 

.65 

.0808 

.0001 

.06 

4.6 

.0066 

• 

1896 

- 

- 

.02 

9.16 

.0006 

.0026 

.60 

.0801 

.0000 

.07 

4.4 

.0022 

- 

1896 

- 

- 

.08 

8.48 

.0007 

.0031 

.67 

.0802 

.0000 

.10 

4.6 

.0018 

*  Jnne  to  Deoember. 


t  Jannary  to  ACay. 


Non  to  analyiet  of  1896 :  Odpr,  none. The  eamples  were  oollected  fh»m  a  faucet  at  the  low- 

•ervlce  pumping  itation,  located  near  the  Charlea  River,  in  the  West  Roxbnry  dietriet  of  the  city  of 
Boeton,  and  repreeent  a  mixture  of  water  from  the  fllter-gallery  and  tubular  wella. 


Microscopical  Examination. 


No  organiams. 
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Chemical  Examination  of  Waierfrom  the  Covered  Beservoir  of  the  Brookline  Water 

Works. 


[Parte  per  100,000.] 

Dmteof 

Collection. 

Appbabavob. 

Retldae  on 
Eyaporatlon. 

Ammonia. 

1 

NlTBOOBB 

AS 

Oxygen 

Coniumed. 

i 

« 

i 
§ 

• 

s 

e 

1 

1 

1 

Albn- 
minold. 

1 

1 
S 

• 

0 

s 

16094 

1806. 

F«b.  19 

None. 

None. 

.02 

8.80 

.0000 

.0028 

.64 

.0270 

.0000 

.10 

4.0 

.0020 

16441 

Apr.  20 

1  None. 

None. 

.02 

8.80 

.0000 

.0022 

.66 

.0880 

.0000 

.07 

4.8 

.0020 

16826 

June  17 

None. 

None. 

.04 

7.70 

.0000 

.0014 

.00 

.0820 

.0000 

.05 

4.6 

.0010 

17456 

Sept.  15 

None. 

None. 

.02 

7.60 

.0000 

.0086 

.58 

.0220 

.0000 

.07 

4.4 

.0020 

17681 

Oct.    12 

None. 

None. 

.06 

9.80 

.0006 

.0048 

.50 

.0820 

.0000 

.14 

4.8 

.0050 

18117 

Deo.  14 

None. 

I^one. 

.06 

9.00 

.0008 

.0052 

.61 

.0400 

.0000 

.18 

4/6 

.0000 

Averages  by  Tears, 


1894 
1895 
1896 


.02 
.08 
.08 


9.15 
8.90 
8.53 


.0001 
.0001 
.0002 


.0017 
.0024 
.0088 


.68 
.00 
.58 


.0868 
.0846 
.0318 


.0000 
.0000 
.0000 


.06 
.07 
.09 


4.4 

4.5 
4.4 


.0025 
.0032 
.0020 


NotB  to  analyiee  of  1806:  Odor,  none. The  samples  were  eoUeeted  from  the  reservoir. 

Microscopical  Examination. 

An  insignificant  nnmber  of  organisms  was  found  in  sample  No.  17456;  no  organisms  were  found  in 
the  remaining  samples. 

Chemical  Examination  of  Water  from  Charles  River^  opposite  the  Filter-gallery  of 

the  Brookline  Water  Works  at  West  Boxbury. 

[Parts  per  100,000.] 


I 


6 


16899 


ISMI. 

Apr.  18 


Appbaianob. 


V.  slight. 


Blight. 


.57 
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Odor,  decidedly  vegetable  and  mouldy. 


Microscopical  Examination. 

The  total  number  of  organisms  per  oablo  centimeter  foniid  In  this  sample  was  210. 
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CAMBRIDGE. 

Wateb  Supply  op  Cambridge. 

Chemical  Examination  of  Water  from  Fresh  Pond^  Cambridge. 

[Parte  per  100,000.] 
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16181 
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Feb.  4 
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Apr.  6 
May  5 
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Sept.  2 
Oct.  5 
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.0000 
.0010 
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Averages  by  Years, 
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*  June  to  December. 


NoTS  to  analjraaa  of  1806 :  Odor,  diatinctly  vegetable,  becoming  stronger  and  aometimea  also  monldy 
or  graasy  on  heating.  —  The  samplea  were  collected  from  the  pomp  well  at  the  pomplng  station.  For 
nionthly  record  of  height  of  water  in  thia  pond,  see  page  186. 
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CAMBRIDGE. 

Microscopical  Examination  of  Water  from  Fresh  Pond^  Cambridge, 

[Number  of  organiimt  per  oublo  oentlmeter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. 
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June. 


Jnlj. 


Aug. 
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Get. 


Nov. 


Dee. 


Day  of  examination, 
Kamber  of  sample,  • 


8 
16848 


6 
10002 


4 
16181 


7 
16866 


16688 


8 
16710 


7 
16019 


6 
17121 


8 
17867 


6 
17679 


4 
17776 


8 
17086 


PLANTS. 

Dlatomaceeo,    .      •      •      . 

Asterionella,  •  .  .  • 
Cyclotella, .  .  .  .  • 
Fragilaria, ..... 
Meloalra,    .       .        .       .       • 

NlUschia, 

Pinnularia,        •       .       .       . 

Btephanodiicua, 

Synedra,    .       .       •       .       • 

Tabellarlft,         .... 
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Olathrocystia 
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Microcystis,  .... 
Oscillaria, 

AlgSB,      ...... 

Protococcns 
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CAMBRIDGE* 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Beservoir,  Wallham, 

[ParU  per  100,000.] 
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.0046 
.0088 
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.0182 
.0216 
.0200 
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.0001 
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* 

Averages  by 
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- 

- 
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.43 

.0036 

.» 
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- 
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- 

- 
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.0002 

- 

- 

- 
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- 

- 

.87 

4.60 
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.38 
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- 

- 

- 
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- 

- 
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6.86 
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2.3 

- 
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- 

- 
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1802 
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- 
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- 
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- 

- 
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6.61 

2.08 
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.0211 .0180 
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.46 
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.0001 

.64 

2.1 

- 
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- 

- 

.84 

5.00 

2.41 

.0016 

.0280.0286 

.0046 

.40 
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.70 
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«» 

- 
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2.08 
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.0081 

.40 

.0210 
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.66 
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*  Jnne  to  November. 


NoTS  to  analyiea  of  1806 :  Odor,  dietinctly  vegetable,  frequently  becoming  mouldy  on  heating.  -^ 
The  Munples  were  collected  from  the  reservoir,  near  the  surface,  at  the  dam.  For  monthly  record  of 
height  of  water  in  this  reservoir,  see  page  186. 
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CAMBRIDGE. 

Microscopical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir^ 

Waltham, 

[Namber  of  organitmt  per  cubic  centimeter.] 


1896. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Ang. 


Sept 


Oct. 


Nov. 


Dec. 


Day  of  examination, 
Number  of  aample, . 


8 


15840i  10015 


4 

16187 


16369 


16542 


8 
16714 


7 
16020 


5 
17125 


S 

17856 


6 
17586 


4 

17780 


5 
17903 


PLANTS. 

DiatomaceeB,    • 

Aiterionella,  . 
Cyclotella, . 
Fragllaria, .  . 
Merldioo,  .  • 
Btepbanodlicus, 
Bynedra,  . 
Tabellaria, 


CyanophyceeB, 


Anabaena,  .  . 
Clathrocystli,  . 
Ccelosphnriumf 


Alg8B* 


Arthrodeemus, . 
Protococcui,  . 
Bapbidium, 


ANIMALS. 
Rhizopoda, . 


Arcella, 
Dlfflugia, 


Infusoria, 


Ciliated  lofaaorian, 
Cryptomooaa,    • 
Dinobryon, 
Euglena,    . 
Mallomonaa,      • 
PerldiDlnm,       . 
Byoura, 

Trachelomonas, 
Vorticella, . 


Vermes, 

Anarea, 
Rotifer. 


Crustacea,  • 

Entomoitracan  ova, 
Naupliui,   .       • 


14 

0 
0 
0 

1 

0 
0 
4 


0 
0 
0 


0 
0 
0 


1 

0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 
2 
0 
0 

1 


0 
0 
0 


0 
0 
0 


48 

2 
0 
0 
5 
0 
8 
38 


0 

0 
0 


0 

1 

0 


0 
0 
0 
0 

1 

82 
0 


0 
0 
0 


0 
0 
0 


195 

11 
168 
0 
0 
0 
8 
13 


14 

11 
3 
0 


8|432 

2,112 

72 

8 

0 

0 

868 

872 


0 
6 
0 


0 
0 
0 


8 
862 
0 
2 
7 

52 
548 


4t 

4 

86 

2 


914 

106 
0 
0 
0 
0 
6 

712 


14 

17 
2 
5 


60 

10 
40 
0 
0 
0 
0 
10 

t4 

20 
0 
4 


28    5t 


20 
0 


0 
0 


8     52 


0 
0 


0 
0 
1 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

0 


0 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 


0 
0 
0 
0 
0 
0 

1 

0 
0 


0 
0 


0 
0 


0 
0 


0 

0 

58 

0 

1 

0 
0 
0 
0 


0 
2 


0 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


0 

0 


2 
0 

14 

0 
0 
0 
8 
0 
0 
0 
6 
0 


2 

0 

.02 

.02 
0 


0 
0 
0 
0 

60 
0 

26 


2 
0 

4 

42 

0 

0 

42 


2 

2 

0 

0 

0 

0 

0 

0. 

2 

2 

0 

0 

16 

5 

20 

20 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

10 

2 

0 

0 

0 

0 

0 

0 

4 

2 

0 

14 

2 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

a 

0 

.02 

0 

100 

26 

0 

0 

0 

82 

12 

30 


0 
0 
0 

12 

0 

0 

12 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


Misceltanfout, 


A  carina, 
Zooglosa, 


0 

0 

60 

6 

60 

0 

0 

0 

0 

.02 

0 

0 

60 

5 

60 

0 
6 


10 

80 

40 

15 

40 

.02 

0 

.02 

0 

0 

10 

80 

40 

15 

40 

100 

0 
100 


Total, 


16 

1 

63   55 

154 

214 


8,466 


1,068 


1,018 


171 


104 


212 
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CAMBBIBGE. 

Chemical  ExamincUion  of  Water  firam  Hobbs  Brooke  at  Winter  Street^  WaUham. 

[Parts  per  100,000.] 


I* 

a 

a 
7k 


8 


1M021  Jan.  18 


10052 

loaos 

16872 
10648 
10016 
17180 
17868 


17500  Oet.    6 


17810 
17998 


Feb.  11 
Mar.  7 
Apr.  7 
May  6 

July  2 
Aug.  5 
Sept.  8 


Nov.  9 
Dee.  4 


Appbaxavos. 


b 

^ 


a 


Decided, 
clayey. 
Slight. 

Slight. 

Slight. 

Decided, 
elayey. 

Dietinet, 
clayey. 

V.  alight. 

Slight. 
SUght. 
Slight. 
Slight. 


Slight, 

earthy. 
SUght. 

SUght. 

SUght. 

Cons., 

brown. 
Cona., 

earthy. 
SUght. 

Oona., 

brown. 
Slight. 

SUght. 

SUght. 


0.90 
0.90 
0.70 
0.90 
1.90 
0.60 
0.40 
0.42 
1.10 
1.40 
1.20 


KiaiOCKOM 
EVAPOKA- 

TIOM. 

1 

LoMon 
Ignition. 

6.70 

2.60 

6.06 

2.20 

5.60 

2.10 

6.20 

2.86 

6.40 

3.00 

8.80 

2.60 

6.66 

2.10 

6.26 

1.80 

7.46 

8.26 

7.96 

4.20 

8.86 

8.46 

AmcoinA. 


Albomlnold. 

1 

i 

1 

^ 

1 

Sos- 
pend 

.0056 
.0020 
.0002 
.0002 
.0086 
.0160 
.0068 
.0076 
.0006 
.0004 
.0010 


.0210 
.0282 
.0206 
.0282 
.0666 
,0460 
.0282 
.0240 
.0886 
.0486 
.0414 


.0172 
.0198 
.0192 
.0204 
.0810 
.0272 
.0188 
.0172 
.0814 
.0412 
.0886 


.0088 
.0084 
.0014 
.0028 
.0256 
.0188 
.0044 
.0068 
.0022 
.0024 
.0078 


MlTBOGEM 
AB 

• 

9 

.47 

• 

2 

.0840 

.0002 

.27 

.0800 

.0002 

.46 

.0380 

.0000 

.41 

.0880 

.0003 

.47 

.0180 

.0004 

.67 

.0180 

.0004 

.86 

.0030 

.0001 

.60 

.0020 

.0002 

.41 

.0030 

.0001 

.48 

.0100 

.0001 

.68 

.0080 

.0001 

Averages  by  Tears. 


. 

1894 

-. 

- 

0.65 

6.68 

1.98 

.0007 

.0214 

.0197 

.0017 

.68 

.0194 

.0001 

0.69 

2.6 

- 

1895 

- 

- 

1.02 

6.68 

2.67 

.0018 

.0290 

.0261 

.0029 

.47 

.0246 

.0001 

0.91 

2.6 

- 

1896 

- 

- 

0.87 

6.72 

2.64 

.0046 

.0824 

.0262 

.0072 

.46 

.0179  .0002 

1.01 

2.4 

Nora  to  analyaes  of  1806 :  Odor,  dlatlnetly  vegetable  and  moaldy,  becoming  itronger  on  heating. 

The  •amples  were  collected  from  the  brook.    The  quality  of  the  water  of  thia  aonrce  and  of  Stony 

Brook  Reeenrolr  may  have  been  affected  during  much  of  the  year  by  work  incident  to  the  conitruction 
of  a  atorage  reaervolr  upon  Hobba  Brook,  above  the  pointa  where  the  aamplea  were  collected. 


Microscopical  Examination, 

The  average  number  of  organlsma  per  cubic  centimeter  found  in  theae  aamplea  waa  84. 
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CHICOFKE. 


Water  Supply  op  Chioopee. 


Chemical  ExamincUion  of  Water  from  Cooley  Brook  Reservoir^  Chicopee, 

[Parts  per  100,000.] 


160M 
10474 
17007 

17740 


18»6. 

Jan.  27 
Apr.  22 
July  27 

Oct.  28 


Affbabamcb. 


i 


Disilnet. 

Slight. 

Slight. 

V.tUght. 


Slight. 
Slight. 
Com., 

brown. 
Cons. 


0.82 
1.00 
0.70 

0.70 


RaaiDUB  OM 

ETATORa- 
TIOV. 


a 
o 

5*^ 


8.80 
4.10 
4.80 

4.05 


0.75 
1.00 
1.S5 

1.66 


Albamlnold. 


3 


3 


.0018 
.0028 
.0020 

.0004 


.01821.0148 
.0150;.0140 
.0144.0100 

.0114.0008 


.0084 
.0010 
.0088 

.0010 


c 

1 

O 


NlTROOUl 


AM     h  a 


i 

5 


.12 

.10 
.10 

.13 


I 

M 

o 


.0080  .0000  .83 
.0060.0000  .72 
.0070  .0001  .70 


.0060 


.0000 


.02 


i 


1.1 
1.8 
2.8 

1.9 


Averages  by  Tears, 


. 

1804 

. 

. 

.68 

4.10 

1.08 

.0014 

.0091 

.0072 

.0019  .10 

I 
.0042 

.0000 

.44 

1.1 

• 

1895 

« 

. 

.20 

3.0B 

0.92 

.0015 

.0071 

.0045 

.0020  .12 

.0067 

.0000  .28 

1.0 

"" 

1800 

" 

~ 

.08 

4.21 

1.14 

.0017 

.0149 

.0128 

.0020 

.11 

.0062 

.0000 

.61 

1.6 

Note  to  analysM  of  1890:  Odor,  dlitinotly  vegetahle. Tha  smmplet  were  collected  from  Cooley 

Brook  Beaenroir. 

Microscopical  ExamincUion. 

The  average  namber  of  organisms  per  cubic  centimeter  fonnd  in  these  samples  was  87. 

Chemical  Examination  of  Water  from  Morton  Brook  Reservoir^  Chicopee, 

[ParU  per  100,000.] 


16967 
16475 

17068 
17747 


1S9«. 

Jan.  27 
Apr.22 

Jaly27 
Oct.  28 


AFFBABAVCa. 


I 


a 


8 


Distinct. 
V.  slight. 

None. 
V.  slight. 


Slight. 
Cons., 

sandy. 
Slight. 
Cons. 


.08 
.04 

.10 
.05 


BB8IDDB  ON 

EVAPOBA- 

TIOV. 


I 


I 
8| 


I 


4.00 
8.40 

4.00 
4.10 


0.75  t 
0.86  I 

1.15  I 

0.76  1 


Ammoiia. 


I 


.0022 
.0000 

.0016 
.0000 


Albomlnoid. 


I 


il 


.0186 
.0050 

.0082 
.0004 


.0116 
.0040 

.0022 
.0042 


.0020 
.0010 

.0010 
.0022 


a 
r 


.16 

.12 

.14 
.15 


NrrRooBH 

AS 


i 

!^ 

m 

s 

» 

55 

■i 


a 

s 

I 


.0070  .0000  .11 
.0080  .0000. 07 


,0070  .0000  .06 
.0050.0000,|.07 

1 


1.8 
0.9 

1.8 
1.1 


Averages  by  Tears, 


1894 

, 

. 

.08 

8.76 

0.59 

.0005 

.0030 

.0028 

.0007 

1895 

. 

. 

.06 

8.76 

0.51 

.0012 

.0095 

.0079 

.00161 

1896 

" 

" 

.05 

3.87 

0.75 

.0011 

.0070 

.0055 

.0016 

I 


,12 
.13 


.0103  .0000 
1.0080  .0000 


14     .0007,. 0000 


.06 
.07 
.08 


1.1 

0.9 
1.1 


NoTB  to  snalyses  of  1896 :  Odor  of  the  first  two  samples,  none,  becoming  faintly  vegetable  on  heat- 
ing; of  the  third,  none;  of  the  fourth,  faintly  vegetable.— The  samples  were  collected  from  the 
reservoir. 

Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  11. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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CHICOPSE. 

Chemical  Examinalion  of  Water  from  Dingle  Brook  Reservoir^  Chicopee, 

[ParU  per  lOO/XX).] 


i 

a 

a 


17050 


a 

a 

I 


1S9«. 

July  24 


Appbabamos. 


9 
5 

^ 


I 


Slight. 


Cons. 


.26 


RBSIOUB  OH 

BVAPOBA- 

TION. 


I 


4.90 


1.16 


AmcoiixA. 


Albnmlnold. 

i 

^ 

i 

1 

1 

a  A 

Ut 

H 

H 

CO 

.0004 


.0100 


.0088 


.0012 


4 

f 


.28 


NlTBOQKN 
AS 


I 


i 


.0120 


.0002 


a 


3 


i3 


.20 


1.4 


Averages  by 

Tears, 

• 

1887* 

- 

- 

M 

4.19 

0.92 

.0006 

.0167 

- 

- 

.19 

.0076 

- 

- 

- 

- 

1888 

- 

- 

.18 

3.81 

0.72 

.0018 

.0122 

- 

- 

.17 

.0168 

.0008 

- 

- 

- 

18801 

- 

- 

.18 

8.48 

0.81 

.0008 

.0188 

.0087 

.0046 

.14 

.0188 

.0002 

«» 

- 

- 

1896 

- 

- 

.24 

4.08 

1.06 

.0020 

.0218 

.0009 

.0119 

.26 

.0097 

.0001 

.21 

1.8 

- 

1896 

- 

- 

.26 

4.90 

1.16 

.0004 

.0100 

.0088 

.0012 

.28 

.0120 

.0002 

.20 

1.4 

*  June  to  Deoember. 


t  January  to  May. 


NoTB  to  analyslBof  1896:  Odor,  none,  becoming  faintly  vegetable  on  heating.— -The  aample  waa 
collected  from  a  faucet  in  Chicopee,  supplied  from  Dingle  Brook. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  this  sample  waa  488,  consisting  cliiefly 
ot  JHnobryon, 


Chemical  Examination  of  Water  from  the  Powderhom  Brook  Reservoir^  Chicopee, 

[Parts  per  100,000.] 


i 


17061 


e 
p 


a 


July  24 


Appbabancb. 


1 


I 


Slight. 


Slight. 


.20 


Rbsioub  o« 

KVAPOBA- 
TIOM. 


? 


S.06 


§6 


0.56 


Ammovia. 


I 


Albomlnold. 


.0000 


.0664 


•8 


.0042 


I 

a 

CO 


.0012 


i2 


.16 


NlTBOOBM 
AS 


i 
I 


s 
s 


.0060 


.0000 


1 

9 

I 

d 

I 


.13 


3 


0.6 


Odor,  none,  becoming  very  faintly  vegetable  on  heating. The  sample  waa  collected  from  a  faucet 

in  the  Tillage  of  Wlllimansett,  which  is  supplied  from  tliis  reservoir. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  waa  found  in  this  sample. 
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CHICOFEE. 


Water  Supply  op  Chigopee. 

Chemical  EzamincUion  of  Water  from  CooUy  Brook  Reservoir^  Chicopee. 


[ParU  per  100,000.] 


i 

a 

a 


a 
o 


1 


160M 
16474 
17007 

17740 


1896. 

Jan.  27 
Apr.  22 
July  27 

Oct.  28 


Appbaxahcb. 


DisUnet 

Slight. 
Slight. 

V.  slight. 


Slight. 
Slight. 
Ooni., 

brown. 
Cons. 


0.82 
1.00 
0.70 

0.70 


RUIDUK  OM 

EVAFOEA- 

TIO«. 


a 

4 


8.80 
4.10 
4.80 

4.65 


0.76 
1.00 
1.25 

1.56 


Ammovia. 


Albuminoid. 


s 


1 


5^ 


.0018 
.0028 
.0026 

.0004 


.0182 
.0166 
.0144 

.0114 


.0148 
.0140 
.0106 

.0008 


.0084 
.0016 
.0088 

.0016 


o 


.12 
.10 
.10 

.IS 


NiTBOOBN 


I 


i 


.0080'.0000|  .38 
.0060.0000  .72 


I 

a 

m 
§ 


.0070  .0001 


.0060 


.0000 


.76 
.62 


Averages  by  Tears. 


1804 
1896 
1806 


.58 
.26 
.68 


4.16 
3.6B 
4.21 


1.08 
0.92 
1.14 


.0014 
.0016 
.0017 


.0091 
.0071 
.0140 


.0072 
.0046 
.0128 


.0019 
.0026 
.0026 


.10 
.12 
.11 


.0042 
.0067 
.0062 


.0000 
.0000 
.0000 


.44 

.28 
.61 


1.1 
1.8 
2.8 

1.9 


1.1 

1.0 
1.6 


Note  to  analyset  of  1896:  Odor,  distinctly  vegeuble. The  samples  were  collected  from  Oooley 

Brook  Besenrolr. 

Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  87. 


Chemical  Examination  of  Water  from  Morion  Brook  Reservoir,  Chicopee, 

[ParU  per  100,000.] 


I 

a 


15967 
16475 

17068 
17747 


e 

I 

I 


1896. 

Jan. 27 
Apr.22 

July  27 
Oct.  28 


Appbabahos. 


t 


Distinct. 
y.sUght. 

None. 
V.  slight. 


Slight. 
Cons., 

sandy. 
Slight. 
Cons. 


.08 
.04 

.10 
.05 


Sbsidub  on 

EVAFOBA- 
TIOB. 


i 


i 


4.00 
8.40 

4.00 
4.10 


0.76 
0.8ft 

1.15 

0.7ft 


Ammokia. 


.0022 
.0006 

.0016 
.0000 


Albominoid. 


s 


i 


3S. 

CO 


.0186 
.0060 

.0082 
.0064 


.0116 
.0040 

.0022 
.0042 


.0020 
.0010 


.0010  .14 
.0022  .16 


9> 

O 


.16 
.12 


NrrBooBM 

AS 


i 


.0070.00001 
i. 0080  .0000 


•8 


3 

S 

I 


.11 

.07 


.0070  .0000' .06 
.0060.0000,1.07 


Averages  by  Tears. 


1894 
1895 
1896 


.08 
.06 
.06 


3.76 
8.76 
8.87 


0.69 
0.51 
0.76 


.0006.0030 


.0012 
.0011 


.0096 
.0070 


.0028^.0007 
.00791.0016 
.00661.0016 


'  I  I 

.12  j.0103.0000 
.13  j.OOSO  .0000 
.14  i  .0067  .0000  .08 


.06 
.07 


1.8 
0.9 

1.8 
1.1 


1.1 

0.9 
1.1 


NoTi  to  snalyses  of  1896;  Odor  of  the  first  two  samples,  none,  becoming  faintly  vegetable  on  heat- 
ing; of  the  third,  none;  of  the  fourth,  faintly  vegeUble. The  samples  were  collected  from  the 

reservoir. 

Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  18. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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CHICOPEE. 

Chemical  Examination  of  Water  from  Dingle  Brook  Beservoir^  Chicopee, 

[Parte  per  lOO/XX).] 


a 

a 


17050 


189«. 

July  24 


Appbabamob. 


^ 

9 


i 
1 


Slight. 


Cone. 


I 


.26 


Rksioub  on 

EVAPOBA- 
TION. 


1^ 


4.00 


1.15 


AmCONXA. 


Albnmlnold. 

i 

■i 

i 

t 

ij 

a  A 

k 

H 

a 

09 

.0004 


.0100 


.0088 


.0018 


o 
2 


.28 


NlTBOOBM 
AS 


f 


.0120 


.0002 


a 

a 

I 

I 


8 


.30 


1.4 


A\ 

veragi 

w  by 

Years. 

- 

1887* 

- 

- 

.86 

4.10 

0.02 

.0006 

.0157 

-. 

- 

.10 

.0076 

- 

- 

- 

- 

1888 

- 

- 

.18 

3.01 

0.72 

.0013 

.0122 

«» 

- 

.17 

.0158 

.0008 

- 

- 

- 

18801 

- 

- 

.18 

3.48 

0.61 

.0008 

.0188 

.0087 

.0046 

.14 

.0188 

.0002 

- 

- 

- 

1895 

- 

- 

.24 

4.0S 

1.06 

.0020 

.0218 

.0000 

.0110 

.26 

.0007 

.0001 

.21 

1.3 

- 

1806 

- 

- 

.25 

4.00 

1.15 

.0004 

.0100 

.0088 

.0012 

.28 

.0120 

.0002 

.20 

1.4 

*  Juoe  to  Deoember. 


t  January  to  May. 


KoT>  to  BDalyalB  of  1896 :  Odor,  nonet  becoming  faintly  vegetable  on  heating. Theeample  waa 

collected  from  a  faucet  in  Chicopee,  supplied  from  Dingle  Brook. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  this  sample  was  488,  consisting  chiefly 
of  JHnobryon. 


Chemical  ExamincUion  of  Water  from  the  Powderhom  Brook  Beservoir,  Chicopee, 

[Parts  per  100,000.] 


i 

a 

a 


17061 


a 
o 


8 


July  24 


Appbabancb. 


1 

a 
H 


43 

a 

9 


I 


Slight. 


Slight. 


.20 


Rbsioub  om 

KVAPOBA- 
TION. 


8.05 


I 

§1 


0.56 


AMMOiriA. 


.  Albnmlnold. 

• 

t 

1 

1 

1 

1 

a 

hi 

^ 

Q 

00 

.0000 


.0054 


.0042 


.0012 


6 

a 

I 


.16 


NlTBOOBM 
AS 


.0050 


.0000 


a 

9 

I 

I 


.13 


3 


0.5 


Odor,  none,  becoming  very  faintly  vegetable  on  heating. The  sample  was  collected  from  a  faucet 

in  the  village  of  Wlllimansett,  which  is  supplied  from  this  reservoir. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  this  sample. 
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Water  Supply  op  Clinton. 

Chemical  Examination  of  Water  from  a  Faucet  in  Clinton, 

[Parts  per  100,000.] 


B 

a 


I 

o 


16009 
17661 


1806. 

Jan. 21 

Bept.28 


Afpbabavox. 

• 

"S 

S 

1 

i 

1 

6 

y.  slight. 

V.sUght. 

.20 

Slight. 

Slight. 

.00 

Rbsidub  on 
Evapora- 
tion. 


i    i 


^ 


e 
o 

3 

'c 


8.60 
8.70 


1.86 
1.00 


AmiOlTIA. 


Albuminoid. 

t 

• 

• 

•o 

i 

1 

1 

1  a 

b 

H 

a 

00 

.0000 
.0004 


.0066 
.0180 


.0060 
.0098 


.0010 
.0038 


• 
o 


.10 
.18 


NiTROOKN 


m 

I 


.0160 
.0070 


I 

5 


a 

0 

I 
I 

o 


8 


.0000 
.0001 


.28 
.81 


1.0 

1.8 


Odor  of  the  first  sample,  Done,  becoming  falDtly  vegetable  on  heating;  of'  the  second,  faintly  vege- 
table, becoming  stronger  on  heating. The  samples  were  collected  from  a  faucet  in  the  town. 


Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  as  follows :  No. 
16000,10;  No.  17661, 464. 


Chemical  Examination  of  Water  from  EeywoocTs  Pond,  Sterling. 

[Parts  per  100,000.] 


Rksidub  on 

c 
o 

Appsasaxcb. 

Evapora- 

AiniOMiA. 

NiTROGBN 

tion. 

AS 

E 

s 

^ 

• 

e 

Albuminoid. 

c 

o 

6 

o 

s 

i 

i 

6 

S 

Lost  on 
IgnlUo 

1 

1 

1 
s 

3 

Sus- 
pended. 

Chlorine. 

• 

i 

•5 

1 

o 

1 

■ 
s 

1 

« 

18»6. 

17660 

Bept.28 

Decided. 

Cons. 

.67 

4.00 

2.16 

.OOOS  .(480 
1           , 

.0284 

.0106 

.18 

.0080 

.0000 

1.08 

0.6 

Odor,  vegetable. The  sample  waa  eollected  from  Heywood*s  Pond,  near  the  dam. 


Microscopical  Examination. 

No.  17660.  DlatomaoesB,  .if(«rioiM/to,  26;  OycloMlatS;  MeloHra,  128;  JVavicnto,  2;  SynedrOtlt; 
Tabellaria,  62.  Algss,  Staurattntm,  2,128.  Infusoria,  PBridinium,  2;  Trachelomonatt  2.  Vermes, 
Anurea,  2;  Polyarthra,  6.   Crnstaoea,  Of/ctops,  .06.    Miscellaneona,  Zo^gkta,  80.    Total,  2,462. 


No.  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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cohasset. 
Water  Supply  of  C!oha88et.  —  Cohasset  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Cohasset  Water 
Company  relative  to  taking  an  additional  supply  of  v^ater  from 
wells  located  in  the  vicinity  of  a  small  brook  v^est  of  Sohier  Street 
in  that  town  may  be  found  on  pages  14  and  15  of  this  volume. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Cohasset  Water- 

Company. 

[ParU  per  100,000.] 


16858 
10214 
16556 
10M9 
17872 
17785 


1 

S 

m 


1S»6. 

Jan.  8 

Mar.  6 

May  7 

jQly  8 

Sept.  8 

Not.  4 


Appbaiabcs. 


1 


DUtinct, 
milky. 

Dietlnct, 
milky. 

DiltlDOt. 

DUtinct, 
milky. 

DiatiDCt, 
milky. 

Dlatinet. 


Slight. 

SUgbt, 

ratty. 
Slight, 

ruety. 
V.ellght, 

raaty. 
Blight. 

None. 


I 


.27 
.10 
.12 
.20 
.18 
.08 


a 

<! 

■a  ► 


k 


10.50 
16.20 
16.00 
15.10 
15.20 
16.60 


AMMOmA. 


I 


.0002 
.0004 
.0010 
.0004 
.0002 
.0004 


.0012 
.0080 
.0006 
.0020 
.0010 
.0028 


2.16 
2.80 
1.85 
1.74 
1.86 
1.88 


NiTBOOBN 
▲8 


t 


.0200 
.0180 
.0080 
.0000 
.0160 
.0070 


9 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


e 


o 


.08 
.06 
.08 

.07 
.25 


i 


0.7 
7.4 
7.0 
6.9 
7.4 
8.2 


I 


.1150 
.0440 
.0500 
.0600 
.0450 
.0770 


Averages  by  Tears. 


. 

1887» 

• 

- 

.00 

15.21 

.0005 

.0016 

1.00 

.0196 

. 

- 

- 

- 

- 

1888 

- 

- 

.01 

16.20 

.0001 

.0021 

1.50 

.0811 

.0008 

- 

- 

- 

- 

1889t 

- 

- 

.00 

11.64 

.0001 

.0022 

1.46 

.0280 

.0002 

- 

- 

- 

- 

18901 

- 

- 

.00 

- 

.0000 

.0048 

1.48 

.0150 

.0008 

- 

- 

- 

- 

1898 

- 

- 

.16 

17.14 

.0001 

.0007 

1.64 

.0263 

.0001 

.04 

8.6 

.0451 

- 

1894 

- 

- 

.17 

17.94 

.0004 

.0016 

1.77 

.0204 

.0000 

.08 

8.4 

.0748 

- 

1806 

- 

- 

.10 

17.22 

.0002 

.0015 

1.89 

.02U 

.0000 

.08 

8.8 

.0689 

- 

1896 

- 

- 

.16 

16.10 

.0004 

.0018 

2.05 

.0118 

.0000 

.09 

7.9 

.0662 

*  June  to  December. 


t  Jannary  to  May. 


X  Febraary. 


Nora  to  analyeea  of  1896 :  Odor,  none.  —  The  samples  were  oollected  from  a  faucet  at  the  pnmpisg 
station,  while  pumping. 


Microscopical  Examination. 

The  total  namber  of  organisms  per  cubic  centimeter  found  In  these  samples  was  as  follows;  No* 
16858, 100;  No.  16214,  1,200;  No.  16656,  800;  No.  16949, 100;  No.  17872,  28;  No.  17786,0.  The  organ, 
isms  consisted  chiefly  of  Orenothrix. 
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COHASSET. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Cohasset, 

[ParU  per  100,000.] 


• 

a 
o 

Appbaiakcb. 

• 

g 

Ajcmohia. 

NITBOOBN 

9 

1 

.1 

▲S 

• 

1 

• 

1 

1 

i 
a 

It 

1 

1 

1 

• 

• 
e 

1 

! 

£ 

7^ 

o 

i 
1 

1896. 

17707 

Oct.    22 

Slight. 

BUgbt, 
•andy. 

0.03 

18.80 

.0012 

.0010 

8.20 

.4000 

.0005 

.06 

0.1 

.0280 

17805 

Nov.    9 

DUUnet. 

Slight. 

0.08 

10.50 

.OOIS 

.0014 

1.08 

.0250 

.0000 

.00 

4.0 

.0130 

Odor,  none. The  first  lainple  wm  collected  from  a  tabular  test  well  located  lo  a  meadow  west 

of  Sohier  Street,  about  76  feet  north  of  the  New  York,  New  Haven  &  Hartford  Railroad ;  the  second,  from 
a  test  well  about  800  feet  south  of  the  railroad.  Both  test  wells  are  about  1,500  feet  west  of  the  pumping 
station  of  the  Oohasset  Water  Company. 


Microscopical  ExamincUion. 


No  organisms. 


Water  Supply  or  Concord  and  Lincoln. 

The  organism  Uroglena  appeared  in  the  water  of  Sandy  Pond  in 
the  winter  and  early  spring  of  1896,  imparting  to  it  a  disagreeable 
taste  and  odor. 

Chemical  ExamincUion  of  WcUerfrom  Sandy  Pond^  Lincoln, 

[ParU  per  100,000.] 


I 

a 
99 


o 
m 


18042 
10205 


1896. 

Feb.  11 

Mar.  0 


Appbabahcb. 


t 

1 


V.  alight. 
Distinct. 


a 


v.  slight. 
Slight. 


.10 
.10 


Rbsiodb  on 

EVAPOBA- 

TION. 

d 

a 

«. 

• 

1 

? 

2.85 

0.00 

2.20 

0.55 

JtMMOHlA. 

6 

B 

1 

.25 

NlTROQBM 
▲S 

Albomlnold. 

1 

1 

S 

i 

H 

1 

Sus- 
pended. 

0004 

.0112 

.0008 

.0014 

.0080 

.0001 

0082 

.0120 

.0108 

.0012 

.24 

.0050 

.0000 

I 

a 

I 

a 

5 


i 


.22 
.14 


0.8 
0.2 


Odor  of  the  first  sample,  none,  beoomhig  distinctly  sweet  and  grassy  on  heating;  of  the  second,  die. 

tinctly  vegetable  and  mouldy. The  first  sample  was  oolleoted  from  a  faucet  in  the  town;  the  second, 

from  the  pond. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  fonnd  In  thete  samples  was  as  follows :  No. 
16042, 1,002;  No.  10205, 602;  consisting  chiefly  of  Dinobryon. 
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COTTAGE  CITY. 

Water  Supply  or  Cottage  City.  —  Cottage  City  Water 

Company. 

Chemical  Examination  of  Water  from  the  Springs  of  the  Cottage  City  Water 

Company. 

[Parts  per  100,000.] 


I 


%5 


17142 


1896. 

Aug.  5 


Appbaiamos. 

K 

«i 

S 

S 

§ 

J 

i 

a 

3 

o 

H 

m 

o 

None. 


V.  slight. 


.03 


a 


c 

o  _ 

S  <* 

a  ► 

m 


6.20 


Ammonia. 


.0000 


o 
a 


.0016 


4 


2 


.08 


MiTBOOBH 

AS 


I 

I 


.0100 


8 


.0000 


i 


r 


.04 


it 

8 

a 


1.9 


.0140 


Odor,  none. —The  sample  was  collected  from  a  faacet  at  the  pumping  station. 


Microscopical  Examination, 


No  organisms. 


Water  Supply  of  Dalton  Fire  District,  Dalton. 

Chemical  Examination  of  Water  from  the  Lower  Reservoir  on  Egypt  Brook, 

[ParU  per  100,000.] 


1 

Appbabavob. 

KBSIOUB  ON 

EVAPOBA- 

TION. 

Ammonia. 

• 

1 

S 

.07 

NiTBOaBN 

AS 

1 

1 

M 

o 

1 

^ 

1 

• 

Loss  on 
Ignition. 

i 

Albominoid. 

S 

i 
1 

1 

& 

* 

1 

00 

i 

10881 

189«. 

Jaoe23 

V.  slight. 

y.sught. 

.18 

2.45 

0.70 

.0000 

.0008 

.0064 

.0014 

.0180 

.0002 

.87 

0.0 

Odor,  none. The  sample  waa  collected  from  the  resenrolr. 


Microscopical  Examination, 

No.  10881.   Dlatomaees,  Synedrat  2.    Alg»,  Cor^ervot  00;  Protocooeui,  6.    Total,  07. 
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C!OHASSET. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Cohasset, 

[ParU  per  100,000.] 


i 

a 

a 


§ 


17707 
17805 


1S96. 

Oct.    22 

Nov.    0 


Appbabakcb. 


8 

s 


Slight. 
DUtinot. 


SUgbt. 

■andy. 
Slight. 


6 


0.03 
0.08 


.  1 

Residue  on 
Evaporation 

AmCOHIA. 

• 

1 

•6 

18.80 

.0012 

.0010 

2.20 

10.50 

.0012 

.0014 

1.08 

NiTBOOBM 
AS 


1 

• 

5 

s 

£ 

% 

9^ 

.4000 
.0250 


.0005 
.0000 


6 

a 

a 

I? 

M 

o 


.06 

.00 


0.1 
4.0 


.0260 
.0130 


Odor»  Done. The  first  sample  was  collected  from  a  tabular  test  well  located  In  a  meadow  west 

of  Sohier  Street,  about  76  feet  north  of  the  New  York,  New  Haven  &  Hartford  Railroad ;  the  second,  from 
a  test  well  aboat  800  feet  south  of  the  railroad.  Both  test  wells  are  about  1,600  feet  west  of  the  pumping 
station  of  the  Cohasset  Water  Company. 


Microscopical  Examination. 


No  organisms. 


Water  Supply  or  Concord  and  Lincoln. 

The  organism  Uroglena  appeared  in  the  water  of  Sandy  Pond  in 
the  winter  and  early  spring  of  1896,  imparting  to  it  a  disagreeable 
taste  and  odor. 

Chemical  Examination  of  Water  from  Sandy  Pond^  Lincoln, 

[ParU  per  100,000.] 


I 

o 
99 


16042 
16205 


o 
m 


18*6. 

Feb.  11 

Mar.  0 


▲pfbabahcb. 


I 


V.  slight. 
Distinct. 


V.slight. 
Slight. 


o 


.10 
.10 


lUSIOUK  OM 

EVAPOBA- 

TION. 


s 


2.85 
2.20 


I 


I 
I 


0.60 
0.55 


JtMMOHU. 


I 


Albuminoid. 


I 
I 


•  s 

oo 


.0004 
.0082 


.0112 
.0120 


.0008 
.0108 


.0014 


4 

a 


.0012  .24 


.25 


NlTROOaif 
▲8 


i 
s 


.0080 
.0060 


.0001 
.0000 


1 


M 

o 


.22 
.14 


i 


0.8 
0.2 


Odor  of  the  first  sample,  none,  boooming  distinctly  sweet  and  grassy  on  heating;  of  the  second,  dif- 
tlnotly  vegetable  and  mouldy.— The  first  sample  was  ooliacted  from  a  faucet  in  the  town;  the  aeoond, 
from  the  pond. 


Microscopical  Examination* 

The  total  nnmber  of  organisms  per  cublo  oentimeter  foond  In  thete  samples  was  as  follows :  No. 
16042, 1,002;  No.  16205, 562;  consisting  chiefly  of  Dinobryon. 
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COTTAGB  CITY. 

Water  Supply  or  CJottagb  Crrr.  —  Cottage  City  Water 

Company. 

Okemical  Examination  of  Water  from  the  Springs  of  the  Cottage  City  Water 

Company, 

[Parts  per  100,000.] 


I 

a 


17142 


m 


1896. 

Aug.  6 


Appbaiahos. 

• 

-a 

9 

s 

« 

a 

S 

e 

1 

o 

None. 


V.  flight. 


.03 


§ 

a 

c 
o 

S  « 
a  > 

m 


6.20 


Ammonia. 


.0000 


S 


ia 


.0016 


4 


.98 


NiTBOOBM 
AS 


5 
S 


.0100 


i 


.0000 


i 
a 

a 

as 


.04 


it 
8 


1.9 


.0140 


Odor,  none. —The  Mmple  was  collected  from  a  faucet  at  the  pumping  station. 


Microscopical  Examination, 


No  organisms. 


Water  Supply  or  Dalton  Fire  District,  Dalton. 

Chemical  Examination  of  Water  from  the  Lower  Reservoir  on  Egypt  Brook, 

[ParU  per  190,000.] 


i 

a 

a 
9Q 


o 
S 


APPaABAHOB. 


10881 


18MI. 

June  23 


I 

I 


V.  slight. 


8 


y.  slight. 


I 


.18 


Kesidub  ok 

EVAPOBA- 
TIOK. 


o 
H 


s 

§1 


2.45 


0.70 


Ammonia. 


t 


.0000 


Albominoid. 


.0098 


.0064 


•S 

0  Oi 

00 


.0014 


S 


.07 


NITBOOBN 

AS 


I 


it 


.0180 


.0002 


15 

a 

o 

s 

o 
e 

M 

o 


.87 


0.9 


Odor,  none. The  sample  was  collected  from  the  resenrolr. 


Microscopical  Examination. 

No.  10881.   Dlatomaoes,  SyHedra,  2.    Alg»,  Cor^ervot  00;  Protooooeut,  6.    Total,  67. 
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DAXTON. 

Chemical  Examination  of  Water  from  the  Upper  Reservoir  on  Egypt  Brook, 

[Parti  per  100,000.] 


• 

I 

Appbabakcb. 

RK8IDUB  OK 

EVAPOEA- 

TION. 

Ammomxa. 

• 

1 

.11 

KiTBOOBN 

▲8 

i 

a 

a 
« 

1 

e 

g 

M 

o 

• 

1 

ca 

i 

6 

1 

LoMon 
Ignition. 

i 

Albuminoid. 

• 

f 

iS 

1 

1 

• 

5 

8ni- 
pended. 

• 

j 

■ 

n 

18882 

1806. 

jQne28 

BUght. 

Slight. 

.26 

3.06 

0.06 

.0006 

.0142 

.0112 

.0080 

.0120 

.0002 

.46 

1.2 

Odor,  faintly  Tegetable  and  monldy. The  eample  wai  oolleoted  from  the  reaervoir. 

Microscopical  Examination, 

AlgsB,  Protococcui,  1,470;  Scenedeamuit  2.    Total,  1,472. 


Water  Supply  or  Dedham. — Dedham  Water  Company. 

Chemical  Examination  of  Water  from  the  Well  of  the  Dedham  Water  Company. 

[Parte  per  100,000.] 


I 


16000 
10263 
16012 
17028 
17403 
17866 


I 

s 


1S96. 

Jan.  20 
Mar.  16 
May  18 
July  21 
Sept.  16 
Nov.  16 


Appkabaxcb. 


I 


«1 


None. 
None. 
None. 
None. 
None. 
None. 


None. 
None. 
None. 
None. 
None. 
None. 


I 


.00 
.02 
.02 
.00 
.01 
.00 


e 
o 

sl 

»  sl 

0  > 


9.60 
8.60 
9.40 
9.40 
9.00 
9.90 


Ammonia. 


I 


•s 


.0004 
.0000 
.0000 
.0000 

.ouoo 

.0004 


.0018 
.0060 
.0018 
.0016 
.0014 
.0020 


d 


.88 

.81 
.81 
.80 
.76 
.84 


NlTBOQBH 
Al 


I 


I 


.1400 
.1080 
.1100 
.1060 
.1100 
.1600 


.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


a 

SO 


I 


.00 
.03 
.01 
.04 
.04 
.03 


i 


4.0 
3.6 
4.2 
8.8 
8.8 
4.0 


I 


.0020 
.0000 
.0000 
.0000 
.0040 
.0010 


Averages  by  Tears. 

1887» 

^ 

^ 

.00 

10.97 

.0002 

.0012 

.97 

.2690 

. 

. 

. 

. 

. 

1888t 
1889: 

• 

• 

.00 

10.38 

.0002 

.0011 

.93 

.2810 

.0000 

. 

. 

• 

. 

. 

• 

.00 

9.16 

.0000 

.0020 

.93 

.1700 

.0000 

• 

. 

_ 

« 

1892 

• 

• 

.00 

10.66 

.0000 

.0006 

.96 

.2982 

.0000 

• 

4.4 

.0007 

s 

1893 

• 

• 

.00 

10.14 

.0000 

.0024 

.d2 

.2326 

.0000 

.08 

4.2 

.0000 

_ 

1894 

. 

• 

.01 

10.18 

.0000 

.0017 

.86 

.2008 

.0000 

.03 

4.0 

.0018 

« 

1896 

. 

. 

.02 

9.92 

.0009 

.0016 

.86 

.1768 

.0000 

.04 

8.9 

.0000 

^ 

1896 

" 

• 

.01 

9.80 

.0001 

.0028 

.82 

.1906 

.0000 

.04 

3.9 

.0012 

*  Jane  to  December. 


t  January  to  May. 


t  AprU. 


Note  to  analyaet  of  1896:  Odor,  none.  — No.  16612  waacolleeted  from  the  well;  the  other  aamplea 
were  colleoted  from  a  fanoet  at  the  pumping  atation. 


Microscopical  Examination. 

An  inilgnlfloant  number  of  organlima  waa  found  in  No.  16612;  oo  organiamB  were  found  in  the 
remaining  aamplea. 
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SAST  BBIDGEWATEB. 

Water  Supply  or  East  Bbidgewater. 

(See  BridgewaUr.) 


Water  Supply  or  Easthampton. 

Chemieal  Examination  of  Water  from  Basaett  Brooke  Easthampton. 

[Parts  per  100,000.] 


a 


16808 
16080 

17608 


1S96. 

Jan.  17 

May  22 
Sapt-lS 


Apfiabamob. 


a 


y.  slight. 

V.sUght. 

Distinct, 
clayey. 


BHght. 
SUghi. 
Slight. 


I 


.20 
.26 
.48 


Rksidub  on 

EVAPOEA- 

TIOM. 

• 

0 

^ 

<4 

t 

r 

3.40 

0.86 

8.00 

1.06 

6.00 

1.76 

AmioinA. 


Albuminoid. 


g 


I 


CO 


.0004 
.0000 
.0000 


.0044 
,0070 
.0180 


.0028 
.0080 
.0162 


.0018 
.0010 
.002^ 


4 

a 

1 


.00 
.12 
.18 


NiTBOOBH 


i 

S 


s 

s 


.0180 
.0040 
.0080 


.0000 
.0001 
.0001 


I 

I 


.16 
.18 
.66 


i 


1.3 
1.8 
1.7 


• 

Averages  by 

Tears. 

- 

1804 

- 

- 

.20 

8.06 

0.02 

.0003 

.0071 

.0067 

.0014 

.12 

.0083 

.0000 

.20 

2.3 

- 

1806 

- 

- 

.21 

4.80 

- 

.0001 

.0088 

- 

- 

.18 

.0068 

.0000 

.36 

1.0 

- 

1808 

- 

- 

.31 

4.80 

1.16 

.0001 

.0008 

.0070 

.0010 

.18 

.0088 

.0001 

.18 

1.6 

Nora  to  aDftlyses  of  1806:  Odor,  vegetable.— The  samples  were  collected  from  a  faaeet  at  the 
pamploff  station. 

Microscopical  Examination. 

An  Inslgnlflcant  number  of  organisms  was  foand  in  these  samples. 

Water  Supply  or  North  Easton  Village  District,  Easton. 

Chemical  Examination  of  Water  from  the  Well  of  the  North  Easton  Village  District. 

[Parts  per  100,000-] 


J 


lesTs 


leee. 

Jane  23 


APPBARAMCa. 


a 


None. 


BUght, 
rusty. 


.00 


I 

at 


& 


4.60 


AjuioinA. 


.0000 


.0014 


.3 

6 


.60 


MlTBOOBN 


s 


I 

s 


.0220 


.0000 


i 
i 

I 


.08 


1.2 


.0010 


Odor,  none.— —  The  sample  was  collected  from  a  faucet  at  the  pumping  station. 


Ko  organisms. 


Microscopical  Examination. 
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EVERETT. 

Water  Supply  of  Everett. 

(See  Boston,  Mystic  Works,) 


Water  Supply  of  Fairhaven.  —  Fatrhaven  Water  Company. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Fairhaven  Water 

Company. 

[Parte  per  100,000.] 


• 

Date  of 

Colleetion. 

Appbabakoii. 

Refidae  on 
Evaporation. 

Ammonia. 

4 

MlTKOOBN 
AS 

1 

1 

• 

o 

• 

1 

1 

1 

1 

Albn- 
mlnold. 

1 

• 

1 

*•* 

15038 

Jan.  22 

None. 

None. 

.10 

6.80 

.0006 

.0046 

1.01 

.0800 

.0000 

.10 

1.8 

.0120 

16453 

Apr.  21 

None. 

None. 

.02 

6.70 

.0010 

.0030 

0.09 

.0600 

.0000 

.08 

1.7 

.0040 

1M78 

May  25 

Blight. 

Slight. 

.38 

6.66 

.0004 

.0066 

0.07 

.0400 

.0000 

.28 

1.4 

- 

10783 

Jane  13 

None. 

None. 

.20 

6.45 

.0000 

.0088 

0.08 

.0860 

.0000 

.80 

1.0 

.0060 

17016 

July  17 

None. 

None. 

.47 

600 

.0002 

.0088 

0.08 

.0800 

.0000 

.46 

2.6 

.0180 

17246 

Aag.  10 

None. 

None. 

.70 

6.60 

.0000 

.0000 

0.08 

.0270 

.0008 

.68 

2.1 

.0820 

17537 

Sept.  21 

None. 

None. 

.87 

6.96 

.0004 

.0078 

1.01 

.0180 

.0000 

.61 

1.6 

.0160 

17708 

Got.  21 

None. 

None. 

.80 

6.80 

.0004 

.0068 

1.04 

.0880 

.0000 

.87 

1.7 

.0100 

17884 

Nov.  17 

None. 

V.aUght. 

.20 

6.80 

.0000 

.0028 

1.00 

.0480 

.0000 

.22 

2.1 

.0060 

18172 

Deo.  21 

None. 

None. 

.07 

6.70 

.0006 

.0062 

1.06 

.0600 

.0000 

.14 

1.0 

.0060 

Averages  by  Years. 


- 

1804 

- 

- 

.04 

6.10 

.0004 

.0024 

0.08 

.0008 

.0002 

.07 

1.8 

.0188 

- 

1805 

- 

- 

.18 

6.62 

.0001 

.0042 

1.02 

.0687 

.0001 

.80 

1.7 

.0076 

- 

1806 

1 

- 

.28 

6.02 

.0004 

.0066 

1.01 

.0866 

1 

.0000 

.82 

1.9 

.0116 

NOTB  to  analyaee  of  1806:  Odor  of  Noa.  16678,  17246,  176ST  and  18172,  faintly  vegetable;  of  \hm 
othera,  none. The  aamplea  were  oolleoted  from  a  fanoet  at  the  pumping  atetion. 


Microscopical  Examination. 

An  Iniignlflcant  number  of  organiimi  was  found  in  Noa.  16678|  17246  and  17708;  no  organlami  wtrc 
found  in  the  remaining  aamplea. 
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FAI^Ii  RIVER, 


Water  Supply  of  Fall  River. 


Chemical  Examination  of  Water  from  North  Watuppa  Lake. 

f  Parta  per  100,000.] 


• 

i 

Afpkakamok. 

ur8iduk  ox 
Eyapoba- 

TION. 

AimoifiA. 

Chlorine. 

NlTROOBK 
A8 

s 

o 

§ 

1 

o 

t 

1 

1 

1 

1 

f 

a 
o 

1 

1 

Albuminoid. 

1 

• 
09 

5 

1 

1 

• 

Sus- 
pended. 

3 

15064 

Jan.  27 

None. 

V.  alight. 

.80 

8.06 

1.20 

.0010 

.0162 

.0180 

.0022 

.68 

.0020 

.0000 

.34 

0.8 

10480 

Apr.  27 

Slight. 

Blight. 

.26 

8.26 

1.00 

.0014 

.0188 

.0148 

.0020 

.68  i.OOOO 

.0001 

.38 

0.6 

10481 

Apr.  27 

Slight. 

Slight. 

.26 

8.20 

1.00 

.0032 

.0182 

.0168 

.0024 

.68   1.0060 

.0001 

.41 

0.5 

17068 

Jaly27 

V.  Blight. 

V.  Blight. 

.20 

8.46 

1.16 

.0008 

.0106 

.0182 

.0084 

.63 

.0070 

.0000 

.84 

0.8 

inis 

Oct.  20 

V.  Blight. 

V.  alight. 

.16 

8.66 

1.20 

.0002 

.0146 

.0182 

.0014 

.64 

.0060 

.0000 

.83 

0.8 

Averages  by  Tears, 


- 

1887* 

- 

- 

.16 

8.26 

0.08 

.0006 

.0161 

- 

- 

.68  1 

.0080 

. 

. 

. 

- 

1888 

•      • 

- 

.17 

8.18 

0.98 

.0004 

.0168 

- 

- 

.62 

.0067 

.0001 

- 

- 

- 

1889t 

«> 

- 

.27 

8.80 

1.20 

.0006 

.0164 

.0140 

.0024 

.60 

.0076 

.0002 

- 

- 

- 

1802 

- 

- 

.08 

2.96 

0.86 

.0012 

.0180 

.0107 

.0028 

.62 

.0117 

.0001 

- 

0.6 

- 

1894t 

- 

- 

.26 

8.10 

1.16 

.0007 

.0140 

.0180 

.0019 

.63 

.0040 

.0000 

.89 

0.6 

- 

18069 

- 

- 

.20 

8.40 

1.17 

.0008 

.0101 

.0161 

.0080 

.69 

.0010 

.0000 

.46 

0.7 

- 

189611 

- 

- 

.22 

8.82 

1.14 

.0011 

.0160 

.0187 

.0023 

.61 

1 

.0041 

.0000 

.85 

0.7 

*  Jane  to  December,     t  January  to  May.     t  March  and  April.     §  February,  April  and  May. 
II  Where  more  than  one  analyaia  was  made  in  a  month,  the  mean  analyais  for  that  month  has  been 
naed  in  making  the  average. 

NoTB  to  analysea  of  1896 :  Odor  of  the  firat  three  samples,  none,  becoming  faintly  yegetable  on 
heating;  of  the  others,  faintly  vegetable.— •The  first  two  samples  were  collected  from  a  faucet  at  the 
pumping  station;  the  others,  from  faucets  in  the  city. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  as  follows :  No. 
18954, 8;  No.  16480, 128;  No.  lOiM,  186;  No.  17063, 26;  No.  17718,  64. 
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FAL.Ii  BIVEB. 

Chemical  ExamincUion  of  Water  from  North  Watuppa  and  South  Watuppa  Lakes 

in  Fall  River  and  Westport. 

[Parts  per  lOO.OQD.] 


1 

§ 


I 


O 


17030 
17921 
17922 
17923 
17924 
17925 


Nov.  18 
Nov.  18 
Nov.  18 
Nov  18 
Nov.  18 
Nov.  18 


Appbabahob. 


i 

e 


Blight. 

Slight. 

Slight. 

Slight 

Slight. 

Slight. 


Slight. 
Slight. 
Slight. 
Blight. 
Blight. 
BUght. 


.16 
.18 
.18 
.28 
.20 
.80 


RUIDOB  OH 

EVAPOBA.- 

TIOV. 


S 


I 


I 


8.20 
8.65 
8.05 
5.75 
5.40 
5.45 


1.85 
1.45 

1.85 
1.70 
1.25 
1.60 


AMMOiriA. 


Albuminoid. 


& 


I 


i 


s 

00 


.0003'. 0170 
.0000  .0156 
.0004  .0178 


.0000 
.0008 
.0008 


.0232 
.0216 
.0218 


.0160 
.0116 
.0162 
.0218 
.0138 
.0184 


.0010 
.0040 
.0016 
.0014 
.0028 
.0084 


I 

JS 

O 


.66 
.66 
.67 
.84 
.89 
.88 


NlTBOOBN 


i 


i 


.0050 
.0030 
.0020 
.0030 
.0020 
.0050 


.0000 
.0001 
.0001 
.0003 
.0001 
.0001 


a 

« 

I 

I 

M 

o 


.35 
.85 
.38 
.47 
.87 
.45 


0.8 
0.8 
0.8 
1.0 
1.6 
1.5 


Odor  of  the  aecoDd  eample,  DOne;  of  the  othera,  faintly  vegetable. The  fint  three  eamplea  were 

collected  from  North  Watuppa  Lake,  as  follows :  No.  17020, 1  mile  from  the  northerly  end ;  No.  17021, 
centre  of  lake,  opposite  Ralph's  Neck ;  No.  17022,  \  mile  north  of  the  bridge  connecting  Fall  River  and 
Westport.  The  last  three  samples  were  collected  from  Booth  Watnppa  Lake,  as  follows :  No.  17028,  at 
a  sand  bar  near  the  entrance  of  the  Qaeqaechan  River;  No.  17024,  opposite  the  boundary  line  between 
Massachusetts  and  Rhode  Island;  No.  17025,  at  the  southerly  end  of  the  lake. 

Microscopical  Examination  of  Water  from  North  Watuppa  and  South  Watuppa 

Lakes  in  FaU  River  and  Westport. 

[Number  of  organiams  per  cubic  oentimeter.] 


189«. 


Nov. 


Nov. 


Nov. 


Nov. 


Nov. 


Nov. 


Day  of  examination,     .       • 
Number  of  sample,       .       . 

PLANTS. 
Dlatomaceee,  ... 

Cyclotclla, 

Navlcnla, .       .       .       .       . 

Bynedra 

Cyanophyceee, 

Anabaana,        .       .       .       . 
Microcystis,     ... 

Alff8B,  Chlorococcns,  •       • 

ANIMALS. 
Infusoria,  Perldloium,    . 

Jfiicetlaneout,  Zodgloea, 

Total, 


20 
17020 


30 
17021 


SO 
17033 


20 
17028 


30 
17034 


20 
17036 


30 

16 
0 

4 


18 

0 
18 


17 

16 
0 
1 


14 

0 
14 


18 

18 
0 
0 


13 

0 
13 


13 

4 
4 

4 


3 
3 


8 

3 

1 
0 


8 
0 


8 

5 
1 
8 


0 
3 


88 


88 


80 


30 


11 


15 
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FAL.Ii  RIVER. 

Chemical  Examination  of  Water  frwn  Stc^ord  Pond,  in  Tiverton^  R,  /.,  and  from 

Bawdy  and  Devol  PondSt  in  Westport, 

[ParU  per  100,000.] 


e 
S 

S 


17020 
17W7 
17»28 


NoY.lS 
Nov.  18 
Nov.  18 


Appsaeakcb. 


DisUnet. 
DUUnet. 
Blight. 


Com. 
Com. 
Slight. 


I 


.08 
.88 
.42 


Rbsidub  om 

BVAPilSA- 
TIOH. 


I 


I 


8.26 
8.95 
4.40 


1.0ft 
1.70 
2.15 


Ammovxa. 


Albaminoid. 

1 

i 

i 

1 

h 

H 

a 

00 

.0004 
.0004 
.0004 


.0186 
.0224 
.0200 


,0142 
.0210 
.0244 


.0044 
.0014 
.0022 


9 

a 

1 


NlTKOOBN 


f 


O.OOl  .0080 

I 

0.70,. 0050 
0.72  1.0020 


.0000 
.0000 
.0000 


I 

3 

o 

6 

e 

s 


.12 
.46 
.67 


8 


0.8 
0.5 
0.5 


Odor,  faintly  vegetable. TheMmples  were  collected  aa  folio wa:  No.  17026,  from  Stafford  Pond, 

in  Tiverton,  R.  I.;  No.  17027,  from  Bawdy  Pond,  in  Weetport;  No.  17028,  from  Devol  Pond,  in 
Weetport. 


Microecopical  Examination  of  Water  froim  Stafford  Pond,  in  Tiverton,  R,  /.,  and 

from  Bawdy  and  Devol  Ponds,  in  Westport, 

[Namber  of  organiama  per  cable  oentimeter.] 


i8»e. 


November. 


November. 


November. 


Day  of  examination,     .... 
Namber  of  sample,      .... 

PLANTS, 
Diatomaoeee, 

Astertonella 

Sfdotella, 
eloelra, 

Navicala,        .       •       •       .       • 
Synedra, 

CyanophyceeBi  Mierocystie, 

ANIMALS. 
Bhizopoda,  Actinophrya,      •      • 

Inftisorla, 

Codonella, 

Monaa, 

▼ermefl,  Aaplanehna,  • 

ifZeeeltoiMoti*,  ZoSgloea,     . 

Total, 

I  - 


20 
17926 


20 
17927 


20 
17028 


4,850 

4,844 
2 
4 
0 
0 


100 

0 
02 

4 
2 
2 


28 

0 

20 

0 

4 
4 


6 
0 


0 
0 


0 
2 


40 


40 


4,000 


140 


81 
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FALiL.  RIVER. 

Chemical  Examination  of  Water  from  the  Quequechan  River  at  Fall  Biver, 

[Parts  per  100,000.] 


• 

Appeabasoii. 

RB8IDUK  OS 
EVAPOKA- 

Ammovia. 

NITBOOBM 
AS 

i 

a 

TION. 

• 

3 

1 

• 

s 

1 

3 
« 

e 
o 

e 

1 

O 

*i 

1 

• 

1 

Loss  on 
Ignition. 

^ 

Albuminoid. 

1 

• 

1 

1 

a 
55 

i 

1 

3. 

Sus- 
pended. 

i 

S3 

i8»e. 

17020 

Nov.  19 

Distinct. 

Oou. 

.27 

7.16 

2.20 

.1040 

.0260 

.0230 

.0020 

1.88 

.0250 

.0040 

.40 

2.7 

Odor,  distinctly  mouldy  and  unpleasant. The  sample  was  collected  from  the  Quequechan  River 

at  Plymouth  Avenue  bridge,  in  Fall  River. 

Microscopical  Examination, 

Diatomacese,  SynedrOt  82.    Miscellaneous,  Zodglaa,  90.    Total,  122. 

Water  Supply  op  Fitchburg. 


Chemical  Examination  of  Water  from  Scott  Reservoir^  Fitchburg, 

[Parte  per  100,000.] 


a 


16316 
16637 
17233 
17882 


§ 

o 
S 


i8»e. 

Biar.24 
May  19 
Aug.18 
Nov.17 


Appeabaxcb. 


a 


Distinct. 
Distinct. 
Slight. 
Distinct. 


9 


§ 


Blight. 

Slight. 

Oons. 

Cons., 
green. 


.16 
.10 
.13 
.08 


Residue  ov 

EVAPOHA- 
TIOK. 


.J 

5 

o 
H 


I 

''I 


2.00 
2.26 
2.26 
2.15 


0.86 
0.06 
1.26 
0.86 


Ammovia. 


Albuminoid. 

t 

i 

. 

•o 

i 

1 

S 

si 

bi 

H 

s 

00 

.0004 
.0010 
.0000 
.0000 


.0242 
.0138 
.0100 
.0192 


.0150 
.0104 
.0168 
.0116 


.0092 
.0034 
.0022 
.0076 


S 
1 

O 


.16 
.17 
.18 
.10 


NlTROOBM 
AS 


m 

f 


I 

S 


.0060 
.0060 
.0020 
.0000 


.0000 
.0000 
.0000 
.0000 


« 

B 

a 


I 

M 

o 


.26 
.26 
.30 
.27 


I 


0.2 
0.8 
0.2 
0.8 


Averages  by  Tears, 


- 

1887* 

- 

- 

.30 

2.63 

1.01 

.0007 

.0231 

- 

- 

.16 

.0021 

- 

- 

- 

- 

1888 

1 

- 

- 

.11 

2.31 

0.79 

.0004 

.0240 

- 

- 

.13 

.0040 

.0001 

- 

- 

- 

1889 

- 

- 

.09 

2.12 

0.62 

.0008 

.0218 

.0162 

.0051 

.18 

.0030 

.0001 

- 

- 

- 

1890 

- 

- 

.10 

2.64 

1.02 

.0010 

.0217 

.0162 

.0066 

.13 

.0069 

.0001 

- 

0.9 

- 

1891 

- 

- 

.18 

2.56 

1.06 

.0007 

.0146 

.0110 

.0036 

.14 

.0082 

.0000 

- 

0.0 

- 

1892 

- 

- 

.18 

2.78 

1.16 

.0006 

.0261 

.0198 

.0063 

.18 

.0089 

.0000 

- 

0.6 

- 

1898 

• 

- 

.10 

2.68 

1.80 

.0001 

.0238 

.0162 

.0071 

.17 

.0033 

.0000 

.29 

0.4 

- 

1894 

- 

- 

.14 

2.54 

1.01 

.0007 

.0191 

.0143 

.0048 

.18 

.0018 

.0001 

.28 

0.2 

- 

1895 

- 

- 

.16 

2.76 

1.16 

.0007 

.0208 

.0147 

.0056 

.20 

.0020 

.0000 

.86 

0.4 

- 

1896 

- 

- 

.11 

2.16 

0.97 

.0003 

.0190 

.0134 

.0066 '.17 

1 

.0030 

.0000 

.27 

0.2 

*  June  to  December. 

Note  to  analyses  of  1896:  Odor  of  the  third  sample,  none;  of  the  others,  vegetable  or  mouldy.' 
The  samples  were  collected  from  the  reservoir. 
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FITCHBUBO. 

Microscopicai  Examination  oj  Water  from  8coU  Reservoir^  Fitchburg, 

[Namber  of  orgftnlamt  per  cable  centimeter.] 


i8»e. 


Marclu 


Maj. 


Angnat 


November. 


Day  of  ezamlnation 

Namber  of  sample,      .       •       •       . 

PLANTS. 
Dlatomaoen, 

Asterionella, 

Oyelotella, 

Meloalra, 

Mltzschla 

Plnnalaria, 

Synedra,         •       •       •       •       . 
Tabellarla, 

Cyanophycen*  Anabana,  . 

>. 

Dletyoapbarlam,  •       •       .       . 

Protococcot 

Seenedesmoe,         .       •       .       . 
Staarogenla, 

ANIMALS. 
Infusoria, 

DlnobryoD, 

Mallomooae, 

IConas,    

Peridinlom, 

Tradieiomonas,     •       •       •       • 

VermeB, 

Aoarea, 

Polyarthra, 

BoUfer, 

Total, 


25 

22 

fO 

16314 

10687 

17238 

1 

127 

864 

0 

62 

144 

0 

0 

0 

0 

17 

8 

0 

0 

88 

0 

0 

0 

1 

48 

24 

0 

10 

600 

0 

0 

6 

8t 

0 

0 

0 

0 

0 

80 

0 

0 

2 

0 

0 

0 

0 

0 

18 
17882 


1,480 

0 

12 

1,16U 

0 

4 

12 

202 


48 

20 

4 

4 

20 


388 

100 

7 

224 

100 

0 

76 

0 

0 

0 

0 

0 

88 

0 

6 

0 

0 

2 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

20 


{0 


20 


16 

0 

0 

12 

4 
0 


8 

4 
4 
0 


100 


491 


248 


807 


1,652 
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FITCHBUBG. 

Chemical  Examination  of  Water  from  Meeting-house  Pond^  Westminster, 

[Partfl  per  100,000.] 


• 

a 
p 

1 

& 

1 

a 

16026 

i8»e. 

Jan.  21 

16110 

Feb.  10 

16269 

Mar.  17 

16688 

May  19 

17049 

July  22 

17282 

Aag.l8 

17467 

8ept.l5 

17888 

Nov.  17 

APFBARAMOB. 


a 


s 


5 


None. 

Blight. 

Slight. 

Blight. 

Blight. 

V.  Blight. 

BUght. 

V.sHght. 


V.  Blight. 

Blight. 

Blight. 

Blight. 

Slight. 

Slight. 

Slight. 

V.  Blight. 


.12 
.20 
.20 
.10 
.12 
.06 
.10 
.06 


Bbsidub  ox 
Evapora- 
tion. 

^ 

• 

1 

n 

S 

s 

2.70 

1.16 

8.46 

1.20 

2.70 

1.16 

2.46 

1.06 

2.20 

0.86 

2.26 

1.26 

2.06 

0.66 

2.10 

0.70 

Ammovia. 


Albuminoid. 

1 

• 

1 

i 

1 

1 

.3 

^! 

h 

H 

Q 

CO 

.0014 
.0082 
.0022 
.0028 
.0000 
.0004 
.0004 
.0002 


.0142 
.0286 
.0170 
.0104 
.0144 
.0112 
.0120 
.0114 


.0114 
.0224 
.0140 
.0178 
.0124 
.0004 
.0110 
.0106 


.0028 
.0012 
.0060 
.0016 
.0020 
.0018 
.0010 
.0008 


9 
O 


.16 
.20 
.18 
.19 
.18 
.16 
.19 
.19 


NiTBOOBN 


3 

s 


.OOGO 
.0070 
.0180 
.0060 
.0020 
.0020 
.0020 
.0020 


.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


•2 

a 

s 

B 

o 

I 

M 

o 


.81 
.40 
.81 
.27 
.18 
.90 
.18 
.19 


O.t 
1.4 
1. 1 
0.4 
O.i 
0.2 
0.8 
0.6 


Averages  by  Tears, 


- 

1808 

- 

- 

.07 

8.87 

0.88 

.0009 

.0187 

.0118 

.0024 

.17 

.0028 

.0000 

.28 

0.6 

- 

1804 

- 

- 

.07 

8.88 

0.86 

.0011 

.0149 

.0186 

.0024 

.18 

.0026 

.0000 

.22 

0.6 

- 

1896 

- 

* 

.10 

2.01 

0.92 

.0012 

.0144 

.0180 

.0014 

.20 

.0027 

.0000 

.88 

0.8 

- 

1896 

- 

- 

.12 

8.49 

1.00 

.0018 

.0164 

.0186*  .0018 

.19 

.0049 

.0000 

.26 

1 

0.6 

NoTB  to  analyBea  of  1896 :  Odor,  generally  faintly  Tegetable,  BometlmeB  none, 
collected  from  the  pond,  at  the  gate-hoase. 


-The  Bamplee  were 


Microscopical  Examination, 

The  averacie  number  of  organiamB  per  cnbio  centimeter  found  in  theae  aamplea  was  20. 


Water  Supply  of  Foxborough  Water  Supply  District, 

foxborough. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Foxborough  Water 

Supply  District, 

[PartB  per  100,000.] 


» 


17046 


s 


July  22 


Appbabaxcb. 


None. 


i 


None. 


.02 


g 
J 


8.80 


Ammomia. 


I 


.0000 


I 


.0000 


.40 


Nitboobv 

AS 


I 


I 

E 


.0420 


.0000 


i 


.01 


0.6 


.0000 


Odor,  none. The  earn  pie  waa  collected  from  a  faucet  at  the  pumping  ataiion,  while  pumping. 


Microscopical  Examination. 

An  inaigniflcant  number  of  organlBmB  waa  found  in  thia  aaraple. 


No,  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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fbamingham. 
Water  Supply  op  Framingham.  —  Framingham  Water  Company. 

Chemical  Examination  of  Water  from  the  Fitter-gallery  of  the  Framingham 

Water  Company, 

[Parta  per  100,000.] 


I 

D 


16078 
16506 

178U 
17800 


I 


Feb.  17 
May  11 
Aog.  17 
Nov.  16 


Appbakaxojc, 


o 


o 
O 


V.  Blight. 
V.ellght. 
None, 
y.tllght. 


BUght. 
BUght. 
V.  Blight. 
V.  Blight. 


.04 
.05 
.05 
.02 


I 

r 


6.60 
7.10 
7.80 
8.60 


Ammovia. 


I 

hi 


.0004 
.0028 
.0028 
.0030 


t3 
J 


.0088 
.0040 
.0044 
.0088 


.85 
.00 
.M 
.05 


NiTBOOBV 
AB 


* 


s 

s 


.0200 
.0880 
.0220 
.0470 


.0002 
.0002 
.0005 
.0001 


1^ 


.02 
.02 
.06 
.04 


§ 
1 


2.0 
8.0 
8.6 
8.5 


8 


.0100 
.0270 
.0060 
.0150 


Averages  by  Tears. 


- 

1887* 

• 

- 

.08 

5.82 

.0061 

.0124 

.48 

.0128 

. 

> 

- 

- 

- 

1888 

- 

- 

.10 

5.81 

.0027 

.0081 

.44 

.0308 

.0004 

- 

- 

- 

- 

1880 

- 

- 

.00 

6.18 

.0081 

.0050 

.56 

.0866 

.0002 

- 

- 

- 

- 

1800 

- 

- 

.00 

7.00 

.0020 

.0080 

.65 

.0681 

.0001 

- 

8.0 

- 

- 

1801 

- 

- 

.00 

6.25 

.0028 

.0085 

.68 

.0707 

.0001 

- 

2.8 

- 

- 

1802t 

- 

- 

.18 

5.48 

.0061 

.0061 

.80 

.0225 

.0018 

- 

2.6 

.0440 

- 

1898 

- 

- 

.04 

6.07 

.0026 

.0088 

.62 

.0460 

.0001 

.11 

2.6 

.0000 

"  \ 

1804 

- 

- 

.08 

6.75 

.0025 

.0048 

.70 

.0515 

.0001 

.08 

2.8 

.0272 

1805 

- 

- 

.04 

7.82 

.0020 

.0040 

.02 

.0280 

.0000 

.07 

8.0 

.0180 

- 

1806 

1 

- 

.04 

7.87 

.0022 

.0040 

.91 

.0817 

.0002 

.04 

8.2 

.0145 

*  June  to  Norember. 


t  Two  aamplee  in  October. 


Note  to  enalyBee  of  1896 :  Odor,  very  faint  or  none.  —  The  aampleB  were  collected  from  the  filter- 
gallery. 


Microscopical  Examination. 


No.  16566.    Fangl,  Orenothrix,  400. 

No.  17214.    MlBoellaneoaB,  Zodglaa,  5. 

No  organiamB  were  found  in  the  other  Bamplea. 
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FBAMINGHAM. 

Chemical  Examination  of  Water  from  a  Faucet  in  South  Framingham^  supplied 

from  the  Works  of  the  Framingham  Water  Company, 

[Parta  per  100,000.] 


• 

Appbabamob. 

■ 

Ammonia. 

KlTBOOBM 

i 

1 

«s 

AS 

i 

_ 

1 

Date  of 
CoU 

1 

J 

1 

1 

1 

1 

Albn- 
mlnold. 

1 
1 

• 

£ 

• 

1 

Oxygen 

Cons 

§ 

« 

• 

1 

i8»e. 

16072 

Feb.  17 

SUght. 

Blight, 
rusty. 

.08 

7.60 

.0018 

.0036 

.84 

.0670 

.0001 

.06 

8.0 

.0820 

16560 

May   11 

Decided, 
milky. 

SUght. 
rusty. 

.70 

7.20 

.0016 

.0040 

.89 

.0020 

.0000 

.06 

8.2 

.2460 

17216 

Ang.  17 

Slight, 
milky. 

V.aUght. 

.20 

7.70 

.0000 

.0046 

.98 

.0070 

.0006 

.06 

8.6 

.0360 

17870 

Not.  16 

V.  Blight. 

y.aUght. 

.04 

8.10 

.0006 

.0034 

.98 

.0800 

.0004 

.03 

8.2 

.0200 

Averages  by  Fears,  ^ 


- 

1898 

- 

- 

.03 

6.96 

.0036 

.0088 

.68 

.0297 

.0001 

.09 

2.7 

.0272 

- 

1894 

- 

- 

.06 

6.48 

.0008 

.0082 

.78 

.0263 

.0008 

.06 

2.9 

.0822 

- 

1806 

- 

- 

.26 

0.96 

.0008 

.0033 

.90 

.0060 

.0000 

.06 

8.0 

.0692 

- 

1896 

- 

- 

.24 

7.62 

.0010 

.0089 

.90 

.0240 

.0002 

.04 

8.2 

.0880 

NoTB  to  analyses  of  1896 :  Odor  of  the  first  sample,  none;  of  the  seoond,  dlatlnotly  tarry;  of  the  last 
two,  none,  becoming  faintly  vegetable  on  heating. 


Microscopical  Examihation, 

No.  16072.    Fungi.  OrenothriXf  620;  3Mda,  2.    MlsceUaneons,  Zodglaa,  2.    ToUl,  624. 

No.  16666.    Fungi,  Crenothrix,  100. 

No  organisms  were  found  in  the  other  samplei. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES- 
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FRAMINGHAM. 

Chemical  Examination  of  Water  from  the  Underdrain  beneath  the  Sewers  at 

Framingham. 

[Parte  per  100,000.] 


M 


15801 
10000 
10240 
10430 
10500 
10705 
10003 
1T190 
17410 
17050 
17840 
18048 


§ 
1 


Jan.  15 
Feb.  12 
Mar.  11 
Apr.  15 
May  18 
Jane  10 
July  15 
Aag.  18 
Sept.  0 
Oct.  15 
Not.  11 
Dec.    0 


Afpbaxamok. 


Slight. 

Slight. 

Distinct, 
milky. 
Slight. 

Slight. 
Slight. 

SUght. 
Decided. 

Slight, 

floe. 
Cons. 

Decided. 

Cons., 

DlsUnct. 

rusty. 
Slight. 

Slight. 

SUght. 

Slight. 

Slight. 

Slight. 

Slight. 

None. 

V.  slight. 

Distinct. 

Slight, 
brown. 

6 


.05 
.08 
.08 
.05 
.03 
.50 
.10 
.05 
.10 
.04 
.03 
.03 


a 
o 


I 


20.00 
18.40 
21.70 
10.40 
20.80 
10.20 
20.70 
21.80 
22.30 
17.20 
10.50 
18.60 


Amxoxia. 


o 


.0520 
.0300 
.0448 
.0152 
.2200 
.0248 
.0804 
.0230 
.0280 
.0300 
.0000 
.0442 


.0050 
.0050 
.0030 
.0122 
.1420 
.0830 
.0080 
.0004 
.0000 
.0070 
.0030 
.0054 


o 

8 


2.10 
1.00 
1.08 
2.00 
2.10 
3.18 
2.04 
2.00 
1.82 
1.82 
1.80 
2.02 


KlTSOOKN 


^. 


I 


.8000 
.2850 
.8300 
.2050 
.3800 
.3200 
.3800 
.4000 
.2500 
.3050 
.5000 
.4250 


.0030 
.0017 
.0025 
.0120 
.0120 
.0004 
.0045 
.0105 
.0045 
.0050 
.0000 
.0020 


•6 
§ 

0 

s 
s 

M 

o 


.08 
.00 
.08 
.12 
.28 
.70 
.14 
.14 
.00 
.11 
.05 
.14 


i 

a 

I 

n 


7.7 
0.0 
0.0 
7.1 
8.0 
3.5 
7.5 
8.1 
8.0 
8.0 
0.0 
7.4 


a 
8 


.0280 
.0270 
.0350 
.0220 
.1050 
.1300 
.0120 
.0200 
.0250 
.0200 
.0000 
.0100 


Averages  by  Tears. 


- 

1880* 

.. 

- 

.00 

10.70 

.0800 

.0080 

3.73 

.4750 

.0045 

- 

0.0 

- 

- 

1800 

- 

- 

.01 

10.71 

.0823 

.0078 

3.51 

.5830 

.0020 

- 

8.4 

- 

- 

1801 

- 

- 

.01 

20.44 

.1020 

.0045 

3.51 

.5333 

.0010 

- 

8.0 

- 

- 

1802 

- 

- 

.01 

10.32 

.0806 

.0042 

8.00 

.0007 

.0018 

- 

8.0 

- 

- 

1808 

- 

- 

.02 

20.76 

.0820 

.0080 

8.84 

.0282 

.0014 

.00 

7.4 

- 

- 

1804 

- 

- 

.00 

22.24 

.0020 

.0033 

8.01 

.5315 

.0028 

.08 

7.1 

- 

- 

1805 

- 

- 

.06 

20.02 

.0502 

.0080 

2.20 

.4005 

.0023 

.00 

7.7 

.0800 

- 

1800 

- 

.. 

.00 

10.00 

.0402 

.0200 

2.07 

.3575 

.0048 

.17 

7.2 

.0410 

Non  to  analyi 
•trooger.  — —  The 


•  October. 

of  1800:  Odor,  frequently  mouldy  or  musty,  often  none;  on  heating,  somewhat 
plea  were  collected  from  the  underdrain,  at  ite  outlet. 


Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  as  follows :  No. 
16801,205;  No.  10060, 1,040;  No.  10240, 1,220;  No.  10420, 1,844;  No.  10500,  4,518;  No.  10705, 1,204;  No  10003, 
104;  No.  17100, 00;  No.  17410, 113;  No.  17050, 4,004;  No.  17840,  0;  No.  18043, 000.  The  organisms  found 
eonalited  chiefly  of  Orenothrix, 
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FBANBXIMT. 

Water  Supply  of  Franklin.  —  Franklin  Water  Company. 

The  reply  of  the  State  Board  of  Health  to  an  application  from  the 
selectmen  of  Franklin  with  reference  to  the  quality  of  the  water  sup- 
plied by  the  Franklin  Water  Company  may  be  found  on  pages  15-17 
of  this  volume.  Analyses  of  samples  of  water  collected  during  the 
investigation  made  by  the  Board  are  given  in  the  following  tables :  — 


Chemical  Examination  of  Water  from  the  Wells  of  the  Franklin  Water  Company, 

[Pane  per  100*000.] 


Date  of 

CoUectlon 

Appbabakcb. 

Realdae  on 

Evaporation. 

Ammomia. 

1 
1 

NrraooBV 

AS 

Oxygen 

Oontamed. 

• 

i 

e 

1 

&3 

1 

1 

1 

i 
8 

1 

Alba- 
mtnold. 

i 
s 

1 

• 

1«186 

Mar.    8 

None. 

None. 

.04 

11.10 

.0000 

.0040 

1.14 

.8000 

.0000 

.07 

4.0 

.0080 

17221 

Ang.  18 

NoDe. 

v.  Blight. 

.02 

8.80 

.0002 

.0008 

0.06 

.2000 

.0000 

.04 

8.4 

.0060 

17346 

Sept.  1 

None. 

v.  Blight. 

.01 

9.70 

.0002 

.0022 

0.92 

.2260 

.0000 

.06 

8.6 

.0060 

17222 

Aug.  18 

None. 

V.BUght. 

.03 

8.40 

.0000 

.0012 

0.82 

.1900 

.0000 

.07 

3.2 

.0070 

17340 

Sept.  1 

None. 

v.  Blight. 

.01 

8.80 

.0004 

.0020 

0.82 

.2600 

.0000 

.06 

8.1 

.0080 

Odor,  none  A  faintly  earthy  odor  wae  obaerved  In  the  third  and  fifth  aampleB  when  heated.—— 
The  flret  eample  wan  collected  from  a  tap  In  the  pumping  station,  while  pumping:  the  next  two.  from  the 
Braall  well;  the  laet  two,  from  the  large  well.  Water  Is  pnmped  from  the  email  well,  Into  which  water 
from  the  large  well  flowe  by  gravity. 


No  organlBma. 


Microseopical  Examination, 


Chemical  Examination  of  Water  from  Beaver  Pond,  Franklin, 

[ParU  per  100,000.] 


I 


o 
P 


17224 
17847 


Aag.l8 
Sept.  1 


Appbaiamcb. 


I 


a 


Slight. 
Dietlnot. 


Com. 
Slight. 


.90 
.76 


Rkbidub  ov 

EVAPOBA- 
TIOH. 


I 


a 


8.60 
8.70 


1.70 
1.06 


AmfomA. 


I 


Albuminoid. 


s 


•o 

a 

GO 


.0004 
.0002 


.0276 
.0264 


.0288 
.0220 


.0088 
.0044 


NITBOOBN 

i 

AB 

i 

« 

s 

S 

c 

^ 

j= 

25 

ss 

80 

» 

^ 

.0090 

.0000 

.28 

.0000 

.0001 

i 

a 

o 


o 


.98 
.82 


0.0 
0.8 


Odor  of  the  flret  eample.  dletlnctly  vegetable  and  mouldy:  of  the  laet,  dtetlnctly  vegetable. The 

flret  aample  wae  collected  from  Beaver  Pond,  near  the  aontherly  ahore;  the  last,  from  Beaver  Pond, 
near  the  Intake  of  the  Franklin  Water  Worka. 

Micro8'x>pical  Examination, 

No.  17224.  Diatomaoea,  i4«<0rion«//a,  228;  CeraUmHtt  S;  Kavieula,  2;  Syntdra,  820.  Oyanophv- 
CMS,  dothroeyHtt  2;  0(Mlo$phmriumt  6;  Meritmopediat  16;  Microcyntitt  2.  Algae,  Arthrodetnnu*,  8; 
Con/ervat  2;  Haphidiuntt  8;  Spharototma,  2;  Staunutrumt  2.  Rhlzopoda,  Dijfflugia,  4.  Infnaorla, 
(kraHum,2\  lHnobryon,2;  7VacA«tomoiiat,  4.    Total,  612. 

No.  17847.  Dlatomaceae,  AtterioruUat  82;  Chrmfte/to,  2;  8yn€dra^  000.  Algae,  ^rlAroefeemiM,  4; 
Otmftnaj,  6;  Protococcut,  10;  Raphidium^  S2.  Infueorla,  Ow^iumt  25;  Dinobrgon,  24;  Matlomonat,  6; 
Fhacutfi;  7)rachelomona»,i,    MlaeellaneooB,  Zod^tow,  6.    Total,  729. 


No.  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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FBANKIillf. 

Chemical  Examination  of  Water  from  Mine  Brook  in  Franklin. 

[ParU  per  100,000.] 


1T228 


I 


ISwo* 
Ang.18 


APFBAB4XCB. 


Slight. 


6 


Oonc. 


.86 


Bbmddb  oh 

EVAPOSA- 
TIOM. 


& 


4.40 


i 
^1 


0.90 


Amkoxia. 


Albnminold. 


5 


.0082 


.0206 


I 


CO 


.0128 


.0080 


i 


NiTROOBK 
AB 


i 


.48 


.0000 


.0006 


•2 
S 

o 

I 
I 

I 


.82 


i 

9 


1.8 


Odor,  distinctly  disagreeable. The  sample  was  collected  from  Mine  Brook,  near  the  pampiog 

station  of  the  Franklin  Water  Company.    This  brook  1b  not  used  as  a  source  of  water  supply. 


Microscopical  Examination* 

No.  17223,  Diatomaoea,  Fragilaria,  8.    KavieulOt  4;  Synedrat  5. 
Infusoria,  Feridinium,  1.    Miscellaneous,  ZoOgUMa^  100.    Total,  114. 


Oyanophycesi,  iflcroey$tU,  1. 


Water  Supply  of  Gardneb.  —  Gardner  Water  Company. 

Chemical  Examination  of  Water  from  Crystal  Lake^  Gardner. 


[Pans 

per  100.000.] 

1 

1 

Afpbabanob. 

Bbswdb  ox 
Kyapoba- 

AmiovtA. 

KITBOOBM 
AS 

1 

1 

TIOM. 

a 

i 

• 

1 

§1 

1* 

Albuminoid.     | 

• 

i 
§ 

1 

1 

a 

2 

1 

1 

^ 

1 

1 

a 

•I 

1 
1 

1 

1 

S 

a 

M 

;i 

» 

Q 

H 

u 

H 

u» 

H 

0 

OQ 

as 

9Q 

o 

9 

is»e. 

18031 

Feb.  10 

V.  Slight. 

V.  slight. 

.10 

8.66 

1.00 

.0016 

.0142  .0116 

.0026 

.84 

.0160 

.0000 

.17 

1.8 

10608 

May  10 

Distinct. 

Slight. 

.06 

8.06 

1.06 

.0032 

.0106  .0144 

.0052 

.86 

.0080 

.OUOl 

.22 

1.1 

17161 

Aug.lO 

Distinct. 

Slight. 

.06 

2.76 

0.70 

.0004 

.0148. 0006;.  0062 

.28 

.0000 

.0000 

.19 

0.8 

17826 

Nov.  10 

V.  slight. 

V.  slight. 

.04 

2.86 

1.00 

.0028 

.0140  .0124 

.0016 

.86 

.0020 

.0001 

.16 

1 

1.3 

Averages  by 

Years, 

1887* 

. 

. 

.02 

2.63 

0.02 

.0006 

.0111 

. 

.21 

.0019 

_ 

1888t 

• 

- 

.01 

2.60 

0.62 

.0023 

.0112 

. 

. 

.22 

.0094 

.0001 

. 

. 

« 

1801: 
1892 

. 

• 

.02 

2.96 

0.86 

.0007 

.0119 

.0098 

.0021 

.16 

.0073 

.0001 

. 

0.7 

. 

. 

. 

.02 

2.46 

0.66 

.0008 

.0104 

.0086 

.0018 

.27 

.0180 

.0000 

. 

l.l 

. 

1893 

. 

. 

.06 

2.06 

0.82 

.0012 

.0126 

.0105 

.0021 

.27 

.0021 

.0000 

.19 

0.8 

. 

1804 

. 

. 

.04 

2.75 

0.98 

.0009 

.0111 

.0094 

.0017 

.31 

.0023 

.0000 

.16 

1.0 

. 

1806 

— 

- 

.06 

2.76 

0.97 

.0008 

.0192 

.0170 

.0022 

.84 

.0020 

.0000 

.17 

1.2 

• 

1896 

™ 

a 

.06 

8.07 

0.94 

.0020 

.0156 

.0120 

.0086 

.83 

.0060 

.0000 

.18 

1.1 

*  June  to  December. 


t  Jannary  to  May. 


X  June,  three  samples. 


§  March. 


The 


Nots  to  annlyses  of  1896 :  Odor,  generally  Tegetable,  occasionally  also  grassy  or  mouldy.  - 
flrat  three  samples  were  collected  from  fauoets  lo  the  town;  the  last,  from  Crystal  Lake. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  as  follows :  No. 
16081, 80;  No.  16668, 1,177;  No.  17161, 136;  No.  17826, 14. 
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GliOXJCESTER. 


Water  Supply  or  Gi.oucester. 


Chemical  Examination  of  Water  from  Dike^s  Brook  Storage  Reservoir,  Gloucester, 

[ParU  per  100,000] 


• 

i 

a, 

Appbabahob. 

Krsiduk  on 

EVAPOBA- 
TION. 

AXXOKIA. 

9 

a 

i 
g 

.77 
.81 
.00 

.88 

KlTBOOBM 

AS 

• 

a 

9 
M 

1 

c 

g 

M 

o 

• 

5 

1 

i 

S 

i 

1 

• 

1 

r 

1 

Albuminoid. 

1 

• 

1 

a 

1 

• 

I 

• 

S^ 

00 

S 

1 

m 

15048 
16689 
17618 

i8»e. 

Jan.  25 
May  28 
Oct.   7 

V.  Blight. 
V.  Blight. 
Slight. 

Slight. 
Slight. 
Slight. 

.48 
.80 
.28 

4.26 
8.65 
8.80 

1.70 
1.10 
1.25 

.0042 
.0012 
.0042 

.0082 

.0160 
.0124 
.0176 

.0150 

.0184 
.0108 
.0160 

.0184 

.0016 
.0016 
.0016 

.0016 

.0080 
.0000 
.0030 

.0020 

.0000 
.0001 
.0000 

.0000 

.61 
.25 
.48 

.40 

1 

0.9 
0.8 
0.8 

Av. .. 

.84 

8.90 

1.85 

0.& 

Odor,  faintly  vegetable,  becoming  stronger  on  heating.— The  Bamplea  were  collected  from  the 
reteivolr. 

Microscopical  Examination, 

No.  16048.    No  organiams. 

No.  16689.  DiatomaeetB,  Tabetlaria,  27.  Alg»,  PedUutrum,  4;  Protoeoceut,  16;  Baphidium,  10. 
MiscellaneonB,  Zodgloeat  40.    Tout,  96. 

No.  17613.  DIatomacesB,  Sf/nedra,  14.  OyanophycesB,  Mlcrocy8ti$»  28.  Algat,  Raphidiumt  10* 
Vermes,  Polyarihra,  1;  Rotifer 1 2.    Mlsoellaneoos,  Zodgkoa,  20.    Total,  81. 


Comical  Examination  of  Water  from  Wallace  Pond,  Gloucester, 

[Parts  per  100,000.] 


I 


a 
o 

I 

9 

'  m 


15949 
16688 
17614 


Av. 


Jan.  26 
May  28 
Oct.   7 


Appeabamcb. 


6 

^ 


Distinct. 

Slight. 

Slight. 


I 


Slight. 
Slight. 
Slight. 


I 


.42 
.27 
.76 


.48 


RBSIDUB  on 

EVAPOBA- 

TIOK. 

t 

Lett  on 
Ignition. 

5.00 

2.10 

8.90 

1.20 

5.05 

2.00 

4.65 

1.77 

Ammonia. 


Albuminoid. 

t 

i 

• 

& 

^0 

i 

1 

1 

1  a 

SS. 

H 

Q 

00 

.0006 
.0004 
.0026 

.0012 


.0226 
.0196 
.0848 


.0257 


.0182 
.0182 
.0276 


.0197 


.0044 
.0064 
.0072 


.0060 


e 
1 

6 


i.io 

1.06 
1.13 


1.10 


NiTBOOBN 
AS 


s 


5 


.0000 
.0000 
.0050 

.0017 


.0000 
.0000 
.0000 


.0000 


a 

« 

I 

a 

& 

M 

o 


.58 
.29 
.77 


.55 


0.6 
0.2 
0.5 

0.4 


Odor  of  the  first  and  last  samples,  faintly  vegetable,  becoming  stronger  on  heating:  of  the  stoond, 
distlDCtly  vegetable  and  anpleasant. The  samples  were  collected  from  Wallace  Pond. 

Microscopical  Examination, 

No.  15949.  Dlatomacea,  Synedra,  112.  Algae,  Oonfervat  2;  Zodtporet,  68.  RbUopoda,  Actino- 
i)Ary«,  8;  ArcettOt  8.  Infasorla,  Dinobryonti;  Euglena^  8:  Maltomonas,  2;  Peridinium,  42;  TVacAe- 
iomona$t  10.  Vermes,  Anurea,  1;  A$planehnat  1;  Polifarthra,  1.  Omstaoea,  Bntomottraain  ota,  .02. 
ToUl,  252. 

No.  16688.  DlatomacesB, A»terion€llaj,Vii ; Navicular 2;  Syntdra,  16 ;  Tabellaria,  18.  CyanophyoesB, 
Mtcrocyatit,  2.  Infasorla,  ffuglena,4;  Olenodinium,  Ti;  MontUt  ^'$  Peridinium,  A,  Oruttacea,  JShtO' 
mottracan  ova,  .02.    Mtscellaneons,  ZodgloBa,  80.    Total,  810. 

No.  17614.  Oyaoophycett,  JfUTOcy«r<«, 4.  Algm,  Pirotococcu9,19:Scenede9mu9tA.  Infusoria, /Hn- 
obryon,  2;  Perldiniumt  2;  Trachetomonat,  12.  Vermes,  Rotifer,  2.  Mlsoeliaoeous,  ZdogUMa,  20.  Total, 
62. 


No.  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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GHAPTON. 

Water  Supply  op  Grafton.  —  Grafton  Water  Company. 


Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Graflon  Water 

Company. 

[Parte  per  100,000.] 


I 


ITOTS 


.1 

s 


July  28 


Appbamavcb. 


S 


a 


None. 


None. 


o 

a 


.01 


3 

il 
IS 


I 


10.40 


Ammokia. 


i 


.0000 


s 


kB 


.0016 


4 


1. 10 


NiTROOBK 


I 


.1100 


.0000 


i 

a 

o 
cl 


.02 


I 


8.3 


.0020 


Odor,  none.— —The  Munple  was  collected  from  a  faaoet  at  the  pamplDg  stotlon. 


No  organlimi. 


Mieroacopical  Examifiaiion, 


Water  Supply  of  Greenfield. 

Chemical  Examination  of  Water  from  Faucets  in  Greenfield  supplied  from  the 

Greenfield  Water  Works, 

[Parts  per  100,000.] 


i 

i 

i 


16074 
16800 
16745 
17217 
17660 
18122 


At. 


Feb.  17 
Apr.  18 
Jane  8 
Ang.l7 
Oct.  19 
Dec.  15 


Appbabaxob. 


a 


V.  alight. 
V.  Blight. 
None. 
None. 
V.  alight. 
None. 


None. 
V.  Blight. 
None, 
y.  Blight, 
y.  alight. 

y.  Blight. 


i 
5 


.08 
.02 
.02 
.08 
.04 
.02 


.08 


Rbbidob  ok 

EVAPOBA- 
TICK. 


if 


4.85 
4.20 
5.25 
4.90 
5.60 
5.80 


6.02 


1.10 
0.85 
0.75 
0.55 
0.65 
0.85 


0.79 


Ammomia. 


I 


.0008 
.0000 
.0010 
.0000 
.0004 
.0006 


.0005 


Albtunlnoid. 


.0046.0084 
.0026.0016 
.0046.0086 
.0082.0070 
.0044' .0086 


.0046 


.0048 


.0034 


.0088 


.0012 
.0010 
.0010 
.0012 
.0008 
.0012 


.0010 


6 

e 

i 


.12 
.14 
.08 
.11 
.12 
.17 


.12 


NlTBOOBV 
A8 


1 


I 


.0180 
.0120 
.0120 
.0070 
.0020 
.0180 


.0115 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


"8 

a 


e 

I 


.07 
.05 
.18 
.00 
.12 
.06 


.00 


2.0 
2.5 
8.2 
8.4 
8.2 
8.2 

8.1 


Odor,  generally  vegetable  and  earthy.^— The  aamplea  were  collected  from  f^noetB  In  the  Tillage, 
mod  repreaent  a  mixture  of  water  from  Glen  Brook  Beaenrolr  and  Green  River. 


Microscopical  Examination. 

TIm  total  number  of  organtamB  per  cnbic  centimeter  found  in  theae  aamplea  wbb  bb  foIlowB :  No. 
10074, 0;  Ko.  16890, 2;  No.  16745, 10;  No.  17217, 129;  No.  17660, 0;  No.  18122, 22. 
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HABVARD. 


Habyard. 


The  advice  of  the  State  Board  of  Health  to  Messrs.  Hildreth  Bros, 
of  Harvard^  with  reference  to  a  proposed  water  supply  for  a  factory 
and  a  few  dwelling-houses  in  that  town,  may  be  found  on  pages  17 
and  18  of  this  volume. 

Chemical  Examination  of  Water  from  a  Tubular  Well  near  the  Factory  of  Bitdreih 

Bro8»^  in  Harvard, 

[Parts  p«r  100,000.] 


Date  of 

CoUecUon. 

Appkabakob. 

• 

St 

Ammonia. 

i 

1 

NlTBOOBN 
AB 

Oxygen 

Consomed. 

i 

a 

• 

o 

• 

.1 

1 
1 

-• 

1 

Alba- 
minoid. 

• 

1 

^ 

1 

16023 
17122 

i8»e. 

Jaly     6 
Aag.    4 

V.  Blight. 
None. 

Blight. 
V.  Blight. 

.02 
.01 

11.70 
11.50 

.0002 
.0002 

.0010 
.0006 

.61 
.61 

.1860 
.1860 

.0080 
.0003 

.06 
.04 

6.8 
6.6 

.0180 
.0040 

Odor,  none,  becoming  distinctly  clayey  on  besting.  —  The  ssmples  were  collected  from  s  tabalsr 
well,  sank  In  rock  to  a  depth  of  223  feet.  The  well  Is  Bltasted  on  the  sammlt  of  a  hill,  near  the  factory 
of  nildreth  Bros. 


Microscopical  Examination. 


No  organisms. 


Water  Supply  of  Hatfield. 

Population  in  1895,  1,262.  The  works  are  owned  by  the  town, 
and  were  completed  in  August,  1896.  The  source  of  supply  is  Run- 
ning Gutter  Brook,  in  the  westerly  part  of  the  town,  on  which  a 
small  storage  reservoir  has  been  constructed.  Water  is  conveyed 
to  the  village  of  Hatfield  by  gravity  through  four  miles  of  eight-inch 
cast*iron  pipe.  The  watershed  of  the  reservoir  is  largely  wooded, 
and  contains  no  dwelling-houses.  The  reservoir  was  prepared  for  the 
storage  of  water  by  removing  all  the  organic  matter  from  the  sides 
and  bottom.     Service  pipes  are  of  galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Hatfield 
relative  to  taking  water  from  Field's  Brook  to  supply  that  portion  of 
the  town  known  as  North  Hatfield  may  be  found  on  page  18  of  this 
volume. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HATFIELD. 

Chemical  Examination  of  Water  flrom  the  Reservoir  of  the  Hatfield  Water  Works, 

[Parts  per  100,000.] 


i 

S 

a 


s 


lOMO 


1906. 

July  9 


ArtMAMAMOm, 


SUght. 


Slight. 


I 


.18 


Kbmoub  om 

Eyapora- 

TIOM. 


g 


4.U 


I 

r 


0.00 


AmiovxA. 


2 


Albuminoid. 


7 

► 

I 


00 


.0068 


.0106 


.0062 


.0024 


.16 


KiTBOQBll 


1 

9i 


.0000 


.0001 


s 


.24 


3 

n 


1.9 


Odor,  ditUnetly  Tegetable  and  oopleMaot.— The  aample  was  coUeetad  from  the  reaerroir. 


Microscopical  Examination, 


No  organiima. 


Chemical  Examination  of  Water  from  Field's  Brooke  Hatfield. 

[Parta  per  100,000.] 


10707 


18t6. 

Jonel 


Appsabakos. 


i? 

9 


None. 


Blight, 
•ancly. 


a 


.01 


RaaiouB  oil 
Eyapoba- 

TIOV. 


I 

!l 
5 


8.06 


0.00 


AmiOMiA* 


All»aminold. 

i 

• 

► 

"O 

i 

I 

1 

il 

00 

.0000  .0010 


.0010 


.0000 


.11 


5ITBOOBM 

AB 


>i 


.0060 


.0000 


i 


I 

I 


i 


n 


.01 


2.1 


Odor,  Dooe,  becoming  faintly  earthy  on  heating. The  aample  wae  oollected  from  Fleld'a  Brook, 

about  i  mile  above  Pantry  Road,  near  the  ylllage  of  North  Hatfield. 


Microscopical  Examination, 

An  tBdgnllleaiii  number  of  orgaolamB  waa  found  In  thla  sample. 
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HAVERHILL. 


Water  Supply  of  HAVERHn^L. 


Chemical  Examination  of  Water  from  Crystal  Lake^  Haverhill 

[Parte  per  100,000.] 


i 

s 

Appsaiukck. 

kb9idcb  om 
Evapora- 
tion. 

Ammomia. 

e 

i: 
p 

§ 

.25 
.26 
.81 

NlTBOGEM 
A8 

B 

a 
m 

a 

1 

M 

o 

2 

a 

1 
1 

1 

mi 

Loss  on 
Ignition. 

£ 

Albaminoid. 

s 

• 

1 

1 

i 

1 
1 

i 

si 

CO 

• 

1 

a 

16141 
16861 
17727 

18»«. 

Feb.  24 

Jnne23 
Oct.  27 

None. 

DieUnct. 

V.ellght. 

V.ellght. 

Gone. 

Slight. 

.27 
.80 
.18 

3.15 
8.05 
2.80 

1.10 
1.45 
1.10 

.0014 
.0000 
.0006 

.0162 
.0820 
.0186 

.0182 
.0162 
.0172 

.0020 
.0168 

.0014 

t 

.0070 
.0050 
.0080 

.0000 
.0000 
.0000 

.87 
.42 
.35 

1.8 
0.9 
1.2 

Averages  by  Years. 


. 

1887* 

- 

- 

.16 

3.80 

0.97 

.0011 

.0179 

- 

- 

.23 

.0022     - 

. 

• 

- 

18881 

- 

- 

.08 

3.07 

0.98 

.0005 

.0180 

- 

- 

.22 

.0053.0002 

- 

- 

- 

1802t 

- 

- 

.16 

2.97 

1.07 

.0011 

.0160 

.0156 

.0013 

.24 

.0040 

.0000 

- 

1.0 

- 

1808 

- 

- 

.26 

2.78 

1.12 

.0008 

.0182 

.0150 

.0032 

.24 

.0020 

.0000 

.87 

1.0 

- 

1894 

- 

- 

.17 

8.05 

1.08 

.0017 

.0220 

.0198 

.0027 

.27 

.0007 

.0000 

.84 

1.0 

- 

1895 

- 

- 

.11 

8.82 

1.22 

.0012 

.0180 

.0159 

.0021 

.80 

.0015 

.0000 

.86 

1.6 

- 

1806 

- 

- 

.25 

3.00 

1.22 

.0007 

.0219 

.0152 

.0067 

.27 

.0060 

.0000 

.88 

1.1 

*  Jane  to  November. 


t  January,  March  and  May. 


X  July,  two  eamplee. 


Note  to  analyeee  of  1896:  Odor,  faintly  vegetable. The  tamplee  were  collected  from  a  fanoet 

at  the  office  of  the  Haverhill  water  worke.    For  monihly  height  of  water  in  this  lake,  eee  table  on  pages 
168  and  169. 


Microscopical  Examination, 

Ko.  16141.    Dlatomaee«,  AtierioneUat  9.    Infusoria,  Dinobtyon,  6.    Total,  15. 
Ko.  16861.    Dlatomaceao,  Sjfnedra,  4;  Tabeliariat  27.    Algao,  Protococcui,  9.    Fungi,  Orenothrim^ 
20.    Infusoria,  Ptridiniumt  1.    Vermes,  Anurea,  1.    Miscellaneous,  Zodglaa^  200.    Total,  262. 
No.  17727.    DiatomaceM,  AtUrioiuUa,  14 ;  Sytudra^  8.   Infusoria,  Dinobrywut  1*   Total,  28. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HAVERHILL. 

Chemical  Examination  of  Water  from  Kenoza  Lake,  Haverhill, 

[ParU  per  100,000.] 


s 

a 


o 
« 


18078 
16140 

108U 
10679 
16866 
17072 
17276 
17644 
1T7» 
17958 
18204 


Jan.  28 
Feb.  24 
Mtf.24 
M«7  26 
Jane28 
J1U728 
Aag.24 
8ept.28 
Oct.  27 
NOT.24 
Dee.  28 


Appiasahoi. 


2 


i 


Distinct. 

Slight. 

milky. 
DUtlnct, 

clayey. 
V.  slight. 

None. 

V.  slight. 

V.  slight. 

V.  slight. 

V.  slight. 

V.  slight. 

Distinct. 


Slight. 

V.  slight. 

Slight. 

V.  slight. 

V.sUght. 

V.  slight. 

V.  slight. 

BUght. 

Slight, 

white. 
SUght. 

Slight. 


.07 
.10 
.07 
.16 
.12 
.10 
.10 
.07 
.09 
.09 
.18 


Kbsidub  on 

BVAFOBA- 

Tioir. 

• 

s 
5 

t 

§1 

1 

3 

4.00 

1.60 

4.16 

1.20 

8.10 

0.70 

8.80 

1.86 

8.76 

1.80 

8.96 

1.40 

8.96 

1.26 

4.00 

1.80 

8.66 

0.70 

4.26 

1.00 

8.96 

1.80 

Ammonia. 


i 


Albamlnold. 


.0016 
.0018 
.0026 
.0000 
.0000 
.0022 
.0000 
.0004 
.0028 
.0006 
.0002 


.0186 
.0174 
.0166 
.0162 
.0146 
.0170 
.0168 
.0208 
.0108 
.0188 
.0164 


1 


00 


.0122 
.0160 
.0142 
.0188 
.0120 
.0146 
.0164 
.0178 
.0168 
.0108 
.0144 


.0014 
.0024 
.0014 
.0014 
.0026 
.0024 
.0014 
.0080 
.0010 
.0080 
.0020 


4 

a 

•c 
s 

6 


.89 
.40 
.48 
.44 
.86 
.86 
.26 
.44 
.40 
.48 
.89 


NlTBOOEH 
AS 


I 


.0000 
.0050 
.0070 
.0080 
.0020 
.0020 
.0020 
.0020 
.0000 
.0000 
.0000 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


12 

a 


a 

I 

M 

o 


.26 
.21 
.26 
.25 
.26 
.28 
.26 
.24 
.28 
.23 
.22 


I 

S3 


1.0 
1.4 
1.6 
1.8 
1.6 
1.7 
1.7 
1.6 
1.9 
1.8 
1.9 


Averages  by  Tears* 


1887* 

- 

- 

.02 

8.82 

0.71 

.0009 

1888 

- 

- 

.01 

8.47 

0.81 

.0008 

1889t 

- 

- 

.04 

8.60 

0.90 

.0006 

1893 

- 

- 

.09 

8.66 

1.12 

.0018 

1894 

- 

- 

.06 

8.40 

0.78 

.0016 

1896 

- 

- 

.09 

8.97 

1.17 

.0006 

1896 

- 

- 

.10 

8.86 

1.19 

.0011 

.0146 
.0148 
.0128 
.0202  .0168 


.0148.0182 
.0177  .0166 


.0162 


.0142 


.0089 
.0016 
.0012 
.0020 


.84 
.84 
.84 
.41 
.40 
.44 
.89 


.0017 
.0060 
.0061 
.0010 
.0027 
.0000 
.0021 


.0000 
.0001 
.0000 

.0000 
.0000 
.0000 


.26 
.22 
.26 
.24 


1.6 
1.6 
2.0 
1.6 


*  Jone  to  NoTember. 


t  Jannary  to  Jane. 


NoTB  to  analyses  of  1896 :  Odor,  vegetable,  oeeaaiooally  none.  —  No.  16856  was  collected  from  the 
Uke;  the  others,  from  a  faucet  at  the  pumping  sution.  During  the  year  1896  144,000,000  gallons  of 
water  were  pumped  from  the  MUlvale  Keeerroir  on  Bast  Meadow  Brook  into  Kenoza  Lake.  For 
nsonthly  height  of  water  in  this  lake,  see  table  on  pages  168  and  169. 
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HA.VERHILL. 

Microscopical  Examination  of  Water  from  Kenoza  Lake,  Haverhill. 

[Number  of  organlBina  per  eable  centimeter.] 


• 

18M. 

Jan. 

Feb 

Mar. 

May. 

Jnne. 

Joly. 

Aof. 

Sept. 

Oct. 

Not 

Dec 

Day  of  ezaminatioD,        •       •       •       . 

80 

20 

25 

27 

24 

80 

25 

24 

28 

26 

80 

Number  of  aample,  •       •  '     • 

15078 

10140 

10815 

10070 

10850 

17072 

17275 

17544 

17728 

17052 18204 

PLANTS. 

Diatomaoead, 

1,512 

MS 

108 

19t 

88 

2 

2 

104 

84 

296 

790 

Aeterlonella 

Cyclotella, 

Fragllaria, 

Moloaira, 

Navloula, 

Btephanoditons, 

Byuedra 

Tab«llarla, 

1,440 
0 
0 
0 
0 
08 
0 
4 

280 
0 
0 
0 
0 
0 
0 
0 

88 

15 
0 
0 
0 
0 
0 
0 

6 
170 
0 
0 
0 
0 
1 
10 

0 
11 
10 
0 
0 
0 
8 
0 

0 
0 
0 
2 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
1 

74 
0 
0 
0 
4 
0 
12 
14 

84 
5 
7 

20 
2 
0 
0 
7 

104 

t' 

0 

2 
20 

0 
00 

032 
0 
0 
0 
0 
22 
0 

180 

Cyanophyoead, 

0 

0 

0 

0 

25 

8 

0 

88 

0 

0 

0 

Aoabnna,    • 

MicroeysU*, 

0 
0 

0 
0 

0 
0 

0 
0 

17 

8 

1 

7 

0 
0 

0 
88 

0 
0 

0 
0 

0 
0 

Alfir89, .      . 

0 

0 

0 

11 

57 

44 

18 

24 

0 

10 

0 

Coelastram, 

Protococcui, 

Kaphtdlum,         ..... 
Btaurcgenla,       .       .       •       .       • 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

11 

0 

8 

40 

0 

U 

0 
0 

88 
0 

0 

1 

0 
12 

0 

20 

4 

0 

0 
0 
0 
0 

0 

10 

0 

0 

0 
0 
0 
0 

ANIMALS. 

{nfusoria 

1 

e 

0 

1 

182 

0 

0 

10 

1 

4 

2 

DinobryoD, .       •       •       •       .       . 
Dinobryon  cases,       .       •       •       . 
PorldlQium,         •       .       •       .       . 
Tiotlimidium 

0 
0 

1 

0 

0 
0 
0 
0 

0 
0 
0 
0 

1 

0 
0 
0 

182 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

10 

0 

0 

1 

!! 

0 

0 
0 

2 
2 

0 
0 

2 
0 

Mi9ceUaneou9,  Zodgloea, .       •       . ,     . 

0 

0 

0 

5 

0 

0 

20 

0 

0 

10 

8 

Total 

1,618 

205 

108 

200 

247 

54 

85 

170 

86 

820 

800 
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IIAVERHILI.. 

Chanieal  Examination  of  Water  from  Lake  SaUonstally  HaverhilL 

[Parte  per  100,000.] 


• 

e 

1 

ArrsASAMoa. 

Kbsioub  on 

EVAPORA- 
TIOM. 

AMMOmA. 

1 
i 

1 

t 

.64 
.74 

.76 

1 

yiTROOBM 

At 

i 

s 
« 

1 

e 

1 

o 

^ 

H 

u 

1 

pJ 

Loaton 
Ignition. 

.0066 
.0010 
.0014 

Albamlnold. 

1 

• 

I 

9. 

i 

a 

• 

I 

.0184 
.0144 
.0168 

• 

t 

5 

si 

• 

I 

1 

a 

16186 
16858 
17781 

18»«. 

Feb.  84 

Jime28 
Oct.  27 

SliEht. 

cUyey. 
None. 

V.eUght. 

V.elighU 
V.  slight. 
Blight. 

.18 
.12 

.06 

5.10 
6.55 
5.65 

1.85 
0.90 
1.40 

.0114 
.0190 
.0184 

.0090 
.0024 
.0034 

.0140 
.0080 
.0000 

.0000 
.0000 
.0001 

.22 

1 
.21 

.17 

1.0 
2.5 
2.5 

Averages  by  Years* 


• 

1887* 

- 

- 

.05 

4.40 

0.75 

.0010 

.0165 

- 

• 

.58 

.0023 

-. 

- 

- 

- 

18881 

- 

- 

.07 

4.72 

0.82 

.0086 

.0126 

- 

- 

.60 

.0093 

.0003 

- 

- 

- 

1892t 

- 

- 

.01 

6.85 

1.25 

.0000 

.0188 

.0147 

.0086 

.64  1 

.0010 

.0000 

- 

2.2 

- 

1898 

1 

- 

- 

.09 

6.10 

1.43 

.0061 

.0205 

.0178 

.0027 

.59 

.0080 

.0000 

.25 

2.2 

- 

1894 

- 

- 

.08 

5.00 

1.08 

.0025 

.0165 

.0189 

.0017 

.67  1 

.0023 

.0000 

.17 

2.1 

- 

1805 

- 

- 

.07 

5.95 

1.60 

.0064 

.0180  .0168 

.0022 

.77     .0015.0000! 

1 

.21 

2.6 

- 

1896 

- 

- 

.10 

5.43 

1.22 

.0020 

.0149  .0198 

1 

.0026 

1 

1 
.71 

1 

1 

.0057' .0000 

1 
.20 

1 

2.3 

*  Jooe  to  November. 


t  Jeauery,  March  and  May. 


X  Jone  and  Jaly. 


NoTB  to  aoalyeeeof  1896:  Odor,  Tegetable  and  mouldy. —>  The  aamplee  were  collected  from  the 
lake.    For  monthly  height  of  water  in  thia  lake,  aee  table  00  pagea  168  and  169. 


Microscopical  Examination. 

No.  16136.   Noorganiema. 

No.  16868.  Diatomaeeao,  A$UrUmella,  4;  OycloUUa,  18;  Synedra,  6;  Tabellaria^  4;  Triceratium,  2. 
Alga*  OodattrutHt  13;  Protococcu;  82;  RapMdiumt  1;  Scetudetmut,  1;  Staurogenia,  5.  lofueorla, 
JHnobryon,  15.    Miacellaneoas,  ZodgUMa^  5.    Total,  106. 

No.  17781.  Diatomaeea,  Atterionella,  212;  Melo»lra,t2;  Synedra,  8.  Alga,  /Votococcu«, 7 :  Raph- 
idium,  6;  Scenede$mu9,  9;  Staurogenia^  1.  Infneoria,  :i\!rkt<ft<um,  1;  Trachelomonat,  1.  MlscelU' 
Deoua,  ZoogUaa,  10.    Total,  266. 
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HAVERHILI-. 

Chemical  Examination  of  Water  from  Lake  PerUueket^  HaverhUl, 

[ParU  par  100,000.] 


• 

§ 

3 
O 

o 
'S 

1 

App 

BJLBAHOB. 

Rbsidub  ok 
Eyapora- 

AmiAWiA. 

i 

§ 

.46 
.44 
.46 

KiTBOGKV , 

g 

8 

a 
o 

1 

M 

O 

TIOM. 

AS 

• 

a 

i 
1 

1 

• 

3 

Lou  on 
Ignition. 

1 

Albuminoid. 

• 

1 

1 

1 

B 

1 

> 
o 

w 
3 
Q 

i 

o  o. 

00 

1 
I 

a 

16137 
16857 
17782 

1806. 

Feb.  24 

June  23 
Oct.  27 

Slight. 

V.elight. 

None. 

SUght. 
V.  slight. 
V.tllght. 

.10 
.12 
.05 

4.66 

4.00 
3.70 

1.45 
1.10 
1.35 

.0024 
.0000 

.0002 

.0102 
.0206 
.0176 

.0170 
.0204 
.0108 

.0022 
.0002 
.0008 

.0080 
.0020 
.0080 

.0000 
.0000 
.0000 

.27 
.80 
.23 

1.7 
1.6 
1.0 

Averages  by  Years, 


- 

1887* 

- 

- 

.08 

3.44 

0.67 

.0006 

.0172 

- 

-. 

.87 

.0028 

- 

. 

• 

- 

1888t 

- 

- 

.00 

3.37 

1.00 

.0008 

.0148 

- 

- 

.89 

.0073 

.0001 

- 

- 

- 

1892t 

- 

- 

.02 

8.90 

1.20 

.0002 

.0168 

.0145 

.0023 

.36 

.0085 

.0000 

- 

1.0 

- 

1808 

w 

- 

.07 

3.43 

1.07 

.0009 

.0199 

.0160 

.0089 

.87 

.0000 

.0000 

.22 

1.6 

- 

1894 

- 

• 

.10 

8.97 

1.20 

.0011 

.0184 

.0167 

.0017 

.42 

.0000 

.0000 

.24 

1.0 

- 

1805 

- 

- 

.06 

4.80 

1.20 

.0005 

.0108 

.0188 

.0015 

.49 

.0015 

.0000 

.24 

2.0 

- 

1806 

- 

- 

.00 

4.08 

1.80 

.0009 

.0191 

.0181 

.0010 

.46 

.0027 

.0000 

.27 

1.7 

*  June  to  November* 


t  January  to  May. 


X  Jnoe  and  July. 


Note  to  analysea  of  1896:  Odor,  faintly  vegetable. The  samplea  were  collected  from  the  lako. 

For  monthly  height  of  water  in  this  lakCi  aee  table  on  pages  168  and  169. 


Microscopical  Examination, 

No.  16187.    DiatomaoeM,  T€U>tllaria,  2.    Infusoria,  JHnobiyon,  1.    Total,  8. 

No.  16857.  Diatomacea,  AtUrionella,  8;  Synedra,  1.  Cyanophycea,  Microq/Ht$,  8.  Alga.  CcBlat- 
f rum,  20;  ProtococeuSt  220;  Raphldium,  2;  StaurogeniOt  A.  Infusoria,  Dinobri/on,  116;  MaUomonat^ 
1;  Peridinlumt2.    Vermes,  ^<</«r,  11.    Miscellaneous,  ^caHna,  .04;  Zo^toa,  6.    Total,  888. 

No.  17732.  Diatomacea,  Meloilra,  7;  SynedrOt  4.  Alga,  Haphidium,  6.  Infusoria,  i><fao6ryon, 
1.    Total,  18. 
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HAVERHILIi. 

ClUmicai  Examination  of  Water  from  Ea$l  Meadow  River  at  Ua  Entrance  into 
Miltvale  Reiervotr,  EaverhtU. 

[Flrta  par  10«,«ia.] 


1 

■IF" 

»■—■ 

1 

& 

i 

1 

1 

1 

J 

2 

1 

J 

1 

j 

1 

i 

If^ 

1 

i:oTs|jiiif% 

mllkf. 

b.OCt 

1.10 

.«K« 

.Ulll) 

.0160  .01«0 

M 

o.w 

2.0 

Ve-a* 

I. IS 

.™. 

.0112  .0011 

.*! 

.0110 

.WOO 

i.-i 

At. 

im 

B.TJ 

(.63 

LIS 

.«, 

.inoi 

.OUT  .OOM 

.as 

O.BO 

1.9 

Al. 

law 



••" 

«.72 

I.U 

- 

.am 

.OMS  -oou 

.so 

.m> 

.... 

,., 

Til*  innga  Diiisba: 

Chemical  Examination  of  Water  from  Milivaie  Reservoir  on  Ea»t  Meadow  River 
SaverhilL 

[Putt  p«r  100.000,] 


1 

Arrimnct 

A««o«. 

! 

6 

H^K... 

1 

f 

1 

1 

1 

1 

II  ill 

1 

i 

1 
5 

1 

IIOTI 

imi 
ia» 

Jin.U 

Apr  IS 
ll.Tllt 

i 

Dec.  28 

"             t. 

1 

i  '■ 
ij 

D.sa 

lil! 

0.42 
0.4( 

4.U 

1. 10 
t'.W 

6. DO 

l.BO 

i.ao 

1.26 

liu 

.0022  .OlM 

iooM.oid 

!o03o'!oaB8 

^ 

Mm 

yjia 

!S7 

.OOM 

!ooio 

.0001 
ioOO! 

looo. 

!oao: 

ioooi 
.0000 

c 

90 
18 

11.14 

•■■• 

lenlly  faintly  Ttgauibl*.  bMomtot  nmtwbu  •tronsar  OD  hsMing. Th*  nmplM  weti 


nDUacUd  [rem  tha  RHrroIr,  nau  Ita  antlal. 
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HAVKUHILIj* 

Microscopical  Examination  of  Water  from  MUlvale  Reservoir  on  East  Meadow 

River ^  Haverhill 

[Number  of  organisma  per  onbio  centimeter.] 


189«. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


Jnly. 


Aug. 


Sept.  Oct. 


Nov 


Dec. 


Day  of  examination, 
Number  of  sample,  • 


80 
1M72 


20 
16189 


25 
16S14 


80 
10490 


27 

10078 


24 

10800 


80 
17074 


26 
17277 


24 
17646 


28 
17780 


26 
17961 


80 
18200 


PL/LNT8. 

Diatomaoeflo,    •      •      .      . 

Cyolotella 

Diatoma, 

Synedra, 

OyanophyoeeB,  Meriamopedla, 

Alff8B, 

Ck>emarinm,       •       •       •       . 
Proteeoeons,     .... 

ANIMALS. 
InftiBoria, 

Dlnobryon,        .... 
Pinobryon  caeea,      •       . 

Baglena, 

MaTlomonaa 

Perldininm,       .... 

Bynura 

Uroglena 

OruBtaoea,  Oyclope,  . 

Mlteellantout, 

Aearlna, 

Zo^glooa 

Total, 


0 
0 
0 


0 
0 


0 
0 
0 
0 
2 
0 
0 


10 

0 
10 


0 
0 
0 


0 
0 


n 

17 
0 
2 
0 
0 
8 
0 


0 
0 


0 
0 
0 


0 
0 


10 

0 
0 
0 
0 
10 
0 
0 


0 
0 


0 

0 

80 


0 
0 


IS 

0 
16 
0 
0 
0 
0 
0 


0 
0 
8 


0 
0 


0 
0 
0 
0 
0 
0 
8 


80 

80 
0 
0 


46 

14 
82 


4t 

0 

0 

42 


0 
2 


0 
0 
0 


0 
1 


84 

2 

8 

24 


0 
0 


90 

0 

0 

84 


0 
0 


0 
0 


20 

0 
20 


.02 
6 


40 

0 
40 


to 

0 
20 


to 

0 
20 


0 
6 


80 

10 

0 

20 


0 
0 


28 

1 

0 

28 

1 

0 

20 

1 

0 

0 

1 

0 

0 

0 

0 

26 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

.04 

0 

0 
6 


to 

0 

0 

20 


0 
0 


0 
0 
0 
0 
2 
0 
0 


0« 
6 


12 

22 

10 

61 

31 

109 

86 

21 

90 

96 

86 


27 


Table  showing  the  Heights  of  Water  in  the  Lakes  of  the  Haverhill  Water  Works 

on  the  First  of  Each  Month  in  1896. 


Datb. 


CrytUI 
Lake. 

Hiirh  Water, 
8.00  Feet 


Kenoia 
Lake. 


Lake 

flaltonstall. 


Lake 
Pentuckei. 


Hifh  Water,  HithW«ier,  Hiirh  Water, 
4.00  Feet.    I    7.88  Feet,    i    6.67  Feet. 


Jan.  1, 
Feb.  1, 
March  1, 
April  1, 


8.76 
4.88 
6.79 
8.88 


o.n 

0.71 
2.12 
8.12 


8.00 
4.00 
6.64 
6.26 


8.71 
4.T1 
6.42 
6.83 
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HAVERHILIi. 

TabU  shotaing  the  Heights  of  Water  in  the  Lakes  of  the  Haverhill  Water  Works  on 

the  First  of  Each  Month  in  1896—  Concluded. 


Datb. 


CryatAl 
Lake. 

High  Water, 
8.00  Feet 


Kenosa 
Lake. 

HlRh  Water, 
4.00  Feet. 


Lake 
Saltonstall. 

High  Water, 
7.88  Feet. 


Lake 
Pentucket. 

Biffh  Water, 
6.67  Feet. 


May  1. 

Jnne  1, 

July  1, 

Aug.  1, 

Bept.  1, 

Oct.  ], 

Not.  1, 

Deo.  1, 


8.12 
7.16 
6.21 
6.00 
4.60 
4.8S 
4.42 
4.76 


8.68 
8.71 
8.62 
8.17 
2.71 
2.70 
8.17 
8.26 


6.26 
6.62 
6.42 
6.42 
6.42 
6.00 
7.04 
7.08 


6.12 
4.87 
4.88 
4.83 
8.02 
4.00 
8.02 
4.16 


The  advice  of  the  State  Board  of  Health  to  the  Haverhill  Real 
Estate  Improvement  Company,  with  reference  to  the  use  of  water 
from  a  well  situated  under  a  building  owned  by  the  company,  may 
be  found  on  pages  18  and  19  of  this  volume.  Analyses  of  samples 
of  water  taken  from  the  well  at  different  times  are  given  in  the  fol- 
lowing table :  — 

Chemical  Examination  of  Water  from  the  Well  of  the  Real  Estate  Improvement 

Company^  Haverhill. 

[ParU  per  100,000.1 


16671 
16601 
17266 


J 

1906. 

May   26 

Jane  26 
Aug.  21 

Appbabamob. 


e 

§ 


Dlatioct. 
Diatlnet. 
None. 


Slight. 

Slight. 

earthy. 
V.  ■light. 


.80 
.20 
.02 


8  > 


I 


8.00 
24.80 
86.80 


Ammohia* 


I 


I 

o 


KiTBOGEH 
AS 


i 

1 

^ 

Z 

1 

s 

•o 


g5 


.0004 

.0066 
.0000 


.0160 
.0006 
.0082 


0.28 
1.60 
2.10 


.0080 
.5260 
.6260 


.0000 
.0060 
.0000 


.41 
.22 
.06 


5 

c 


1.3 
12.6 
18.0 


a 


.0660 
.0000 


Odor  of  the  first  eample,  faintly  vegetable;  of  the  aeoond,  falotly  vegetable,  beoomiog  distinctly 

▼egetable  and  mouldy  on  heating ;  of  the  third,  none,  becoming  distinctly  mouldy  on  heating. The 

first  sample  was  collected  from  a  faucet  In  the  building  owned  by  the  Real  Estate  Improvement  Oom. 
paoy  In  Haverhill,  and  probably  represents  water  from  the  Haverhill  water  works;  the  second  sample 
was  edleeted  from  a  blow>off  valve  beneath  the  building,  and  probably  represents  water  from  a  well 
beneath  the  building,  driven  through  rock  to  a  depth  of  226  feet,  mixed  with  water  from  the  city  water 
works;  the  third  aample  was  collected  from  the  blow-off  valve  beneath  the  building  after  a  considerable 
quantity  had  been  pumped  from  the  well  into  the  pipes,  and  probably  represents  chiefly  water  from  the 
weU. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  foirod  in  these  samples  was  at  follows :  No. 
10671, 204;  No.  16801,  8;  No.  17266, 0. 
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HINGHAM  AND  HUXIi. 

Water  Supply  op  Hingham  and  Hull.  —  Hingham  Water 

Company. 


Chemical  Examination  of  Water  from  Accord  Pondy  Hingham, 

[Parts  per  100,000.] 


0 


16083 
16778 
17638 


e 
1 


& 


Feb.  10 
June  12 
Oct.  12 


Appsabakck. 


i? 

5 


a 

01 


V.slight. 
Distinct. 
Slight. 


Slight. 
Slight. 
Coot. 


% 


.38 
.23 
.10 


Rbsidci  ov 
Evapora- 
tion. 


8.80 
2.89 
2.00 


1.40 
1.20 
1.05 


Ammohia. 


i 


Albaminold. 


I 


•  S 

•  2 

a  A  \ 

CO        I 


.0004 
.0002 
.0014 


.0126 
.0166 
.0158 


.0118 
.0148 
.0130 


.0008 
.0018 
.0028 


4 


J3 


.60 
.60 
.87 


NiTBOOBM 
AS 


iS 


\c 


4 
is 


.0030 
.0000 
.0050 


.0001 
.0000 
.0000 


■g 

a 

0 

e 


.42 
.48 
.20 


0.6 
0.1 
0.8 


Averages  by  Years, 


- 

1887* 

. 

. 

.19 

8.38 

1.08 

.0005 

.0183 

- 

- 

.55 

.0043 

- 

- 

- 

- 

1888 

- 

- 

.22 

2.98 

0.97 

.0001 

.0162 

- 

- 

.56 

.0046 

.0001 

- 

- 

- 

18891 

- 

- 

.82 

8.18 

1.01 

.0002 

.0126 

.0108 

.0018 

.55 

.0040 

.0002 

- 

- 

- 

1892t 

- 

- 

.25 

2.95 

0.95 

.0000 

.0114 

.0100 

.0014 

.64 

.0040 

.0000 

- 

0.2 

- 

1808 

- 

- 

.16 

8.02 

1.00 

.0008 

.0121 

.0103 

.0018 

.63 

.0082 

.0000 

.29 

0.3 

- 

1804 

- 

- 

.20 

8.04 

1.11 

.0002 

.0114 

.0097 

.0017 

.02 

.0024 

.0000 

.38 

0.8 

- 

1806 

- 

- 

.22 

3.50 

1.87 

.0008 

.0185 

.0121 

.0014 

.67 

.0110 

.0000 

.81 

0.8 

- 

1896 

- 

.22 

8.02 

1.22 

.0007 

.0150 

.0182 

.0018 

.62 

.0027 

.0000 

.87 

0.3 

*  Jane  to  December. 


t  January  to  June. 


X  March. 


Non  to  analyses  of  1896:  Odor  of  the  first  two  samples,  vegetable;  of  the  third,  none,  becoming 
faintly  vegetable  on  heating. The  samples  were  collected  from  the  pond. 


Microscopical  Examination* 

No.  16083.  DiatomaeeM,  AHerionellat  32;  Sifnedra,  5;  T^bellaria,  5.  Infusoria,  Dinobrypn,!. 
Vermes,  Anurea,  1.    Miscellaneous,  Sponffe  8picule»t  1*    Total,  45. 

No.  16778.  DiatomacesB,  J ttorion«//a,  4;  iTetosfra,  10;  J^arlcu/a,  1;  Sttphanodiicut^Z^i  Syntdra, 
1 ;  Tabellaria,  8.  Khixopoda,  Actinophryt,  1.  Infusoria,  Dinobtyon,  224;  EugUna^  1 ;  Mallomcnat^  1 ; 
Ptridinium,  8.  Vermes,  Botatorian  ova,  2.  Miscellaneous,  Sponge  Spicule»,  1 ;  ZodgUta,  20.  Total, 
313. 

No.  17633.  Infusoria,  iTe/odra,  48;  Katicula,  2;  Pinnularia,  2;  Stephanodiicu;  2;  Sj/nedra,  10. 
Cyanophycen,  Meritmopedia,  20;  Microcgttli,  10.  AlgSi  Protococcut,  2.  Miscellaneous,  ZodglcMt  80. 
ToUl,  126. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HINGHAM  ANB  HXJUL, 

Chemical  ExamincUion  of  Water  from  Fulling  Mill  Fond,  Hingham, 

[Parte  par  100,000.] 


6 

« 

t 


10084 

lono 

170S2 


18t6. 

Feb.  10 
Jane  12 
Oct.  12 


Aptbasahob. 


I 


V.  slight. 
V.  slight. 
Blight. 


Slight. 
Blight. 
Oons. 


a 


.70 
.63 
.08 


Rmious  on 

£VAPOBA> 

nov. 


& 


4.06 
6.10 
4.80 


!l 


1.60 
1.70 
1.00 


Ammovia. 


Albnminold. 


1 


I  e 

CO 


.0000 
.0000 
.0004 


.0000 
.0008 
.0008 


.0070 
.0078 
.0076 


.0014 
.0020 
.0022 


« 

•c 

o 


.68 
.68 
.70 


NiTBOOBV 

AS 


i 


i 

s 


.0180 
.0100 
.0160 


.0001 
.0001 
.0000 


s 

a 
s 


.61 
.67 
.18 


1.1 
1.4 
1.3 


Averages  by  Tears* 


^ 

1887* 

. 

.37 

6.80 

1.27 

.0069 

.0206 

.67 

.0070 

. 

. 

^ 

• 

1888 

• 

• 

.36 

6.19 

1.47 

.0006 

.0837 

* 

. 

.68 

.0067 

.0002 

* 

— 

• 

1880t 

• 

• 

.16 

• 

. 

.0002 

.0246 

.0152 

.0094 

.78 

.0080 

.0000 

• 

• 

• 

1808 

— 

• 

.28 

4.60 

1.88 

.0006 

.0228 

.0118 

.0105 

.67 

.0078 

.0001 

.82 

1.2 

• 

1894 

• 

• 

.22 

4.87 

1.12 

.0110 

.0212 

.0082 

.0180 

.64 

.0162 

.0000 

.21 

1.8 

- 

1896 

• 

• 

.18 

4.67 

1.27 

.0011 

.0107 

.0078 

.0029 

.72 

.0167 

.0000 

.26 

1.8 

• 

1896 

• 

• 

.44 

4.96 

1.43 

.0001 

.0095 

.0077 

.0018 

.62 

.0173 

.0001 

.40 

1.8 

*  June  to  October.  f  September 

)le;  of  th 
very  faintly  vegetable  on  heating. The  aamplea  were  collected  from  the  pond. 

Microscopical  Examination, 


Non  to  analyees  of  1896:  Odor  of  the  firel  two  aamplea,  vegetable;  of  the  laat,  none,  becoming 
" ~*  lie  " 


An  inaignlflcant  nnmber  of  organlama  waa  found  in  each  of  these  samples. 


Water  Supply  or  Hinsdale  Fire  District.  —  Hinsdale. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale  Fire 

District. 

[ParU  per  100,000.] 


16974 
16164 
16326 
16446 

16672 

16868 
17022 
17303 
17686 

17746 
17968 
181T1 


o 


18»«. 

Jan.  28 
Feb.  28 
lfar.26 
Apr.21 

May  24 

Jaoe22 
July  20 
Aag.26 
Sept.21 

Oct.  28 
Nov.24 
Dec.  21 


APPaAlAMCB. 


a 


Distinct. 
Blight. 
SUght. 
Distinct. 

Distinct, 
yellow. 

Disiinet. 

Distinct. 

V.  slight. 

V.  slight, 
milty. 

Slight. 

Slight. 

Distinct, 
green 


• 


Slight. 
SllKht. 
Slight. 
Oons., 

yellow. 
Slight. 

Oons.  • 
Slight. 
Slight. 
V.  slight. 

Slight. 
Slight. 
Slight, 
green. 


.82 
.86 
.22 
.23 

.28 

.40 
.83 
.40 
.43 

.87 
.88 
.80 


BaaiDUBoii 

EVAPOBA- 

nov. 


2.70 
8.06 
2.80 
2.06 

2.20 

8.86 
8.60 
2.90 
2.60 

2.66 
2.86 
2.20 


1.86 
1.86 
0.80 
0.60 

1.00 

1.66 
2.00 
1.36 
0.95 

1.06 
1.15 
1.00 


Ammowia. 


Albaminold. 


I 


I 


00 


.0006 
.0092 
.0000 
.0000 

.0004 

.0000 
.0008 
.0006 
.0094 

.0000 
.0000 
.0006  .0226  .0172 


.0204  .0146 
.0186  .0166 
.0236.0128 
.0100!. 0088 

.0170  .0136 


.0256  .0142 
.02281.0148 
.0202  .0184 
.0208  .0180 

.0M4'.0128 
.0180.0156 


6 

G 

i 


.0058  .06 
.0020'  .05 
.0108  .07 
.0012.04 

11 

.00341  .07 

.01141.05 
.0080  1.06 
.0018r.04 
.0028'  .04. 


.0016 
.0024 
.0064 


.06 
.08 
.06 


KiTBOOBN 
A8 


I 


3 

s 


.0000 
.0020 
.0070 
.0070 

.0020 

.0080 
.0030 
.0000 
.0060 

.0000 
.0020 
.0000 


.0000 
.0000 
.0000 
.0000 

.0000 

.0000 
.0000 
.0001 
.0004 

.0000 
.0000 
.0000 


a 

a 

s 

o 

I 


.48 
.40 
.47 
.32 

.80 

.48 
.58 
.46 
.46 

.40 
.42 
.38 


i 


0.6 
0.6 
2.1 
0.8 

0.7 

0.8 
1.6 
1.4 
1.2 

1.1 
0.7 
0.8 


172 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


HINSDAI.E. 

Chemical  Examinaiion  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale  Fire 

District — Concluded. 

Averages  by  Tears. 

[Parts  per  100,000.] 


i 


6 

o 

I 


1800* 

ISOlt 

18931 

1804§ 

1895 

1806 


Appeabahob. 


• 

•o 

I 


Q 
I 


S 


.08 
.76 
.20 
.80 
.86 
.83 


RB8IDDB  ON 

EVAPOKA- 

TIOM. 

• 

^ 

• 

il 

i 

r 

i.eo 

0.70 

8.00 

1.67 

2.63 

1.88 

8.06 

1.77 

8.27 

1.72 

2.70 

1.10 

AmcoNiA. 


Albamlnoid. 

> 

• 

1 

1 

1 

H 

O 

QD 

.0000 
.0112 
.0002 
.0001 
.0002 
.0018 


.0106 
.0263 
.0218 
.0267 
.0271 
.0106 


.0084 
.0208 
.0135 
.0142 
.0165 
.0148 


.0022 
.0050 
.0083 
.0115 
.0106 
.0047 


6 

s 

1 


.05 
.06 
.04 
.08 
.08 
.06 


NiTKOOBK 
AS 


5 


8 
B 


.0030 
.0100 
.0010 
.0009 
.0012 
.0026 


.0000 
.0001 
.0000 
.0001 1 
.0000' 
.0000 


a 

a 

I 


.46 
.60 
.62 
.42 


1.1 
0.0 
0.3 
0.6 
0.6 
0.9 


*  March.         f  June  and  October.         %  If  ay,  Augott  and  November.        {  May  to  December. 

NoTB  to  analvMes  of  1896:  Odor,  distinctly  vegetable  and  sweetish. The  samples  were  collected 

from  a  faucet  In  the  village. 

Microscopical  Examination  of  Waler  from  the  Storage  Reservoir  of  the  Hinsdale 

Fire  District. 

[Number  of  organisms  per  cubic  centimeter.] 


1806. 

Jan. 

Mar. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Day  of  examination,     . 

80 

S 

26 

23 

27 

28 

21 

27 

28 

29 

27 

28 

Number  of  sample. 

16074 

16164 

16326 

16446 16672 

16868 

17022 

17302 

17636 

17745  17068 

18171 

PLANTS. 

^ 

Diatomacead,  .... 

0 

0 

0 

0 

0 

8 

0 

0 

136 

224 

6 

0 

Synedra. 

Tabellaria,       .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

.8 

0 
0 

0 

0 

186 
0 

224 
0 

8 

8 

0 
0 

Alff8B,  Palmella,  .... 

10,400 

800 

560 

2,000 

1,600 

160 

26,000 

1,000 

214 

0 

6 

0 

ANIMALS. 

Infusoria 

76 

0 

0 

0 

116 

40 

0 

27 

5 

6 

16 

28 

DInobryon 

Perldinluro,     .... 
Trachelomonas,      .       .       . 

0 

76 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

116 
0 
0 

40 
0 
0 

0 
0 
0 

24 
8 
0 

0 
1 
4 

3 
8 
0 

•    1 

18 

0 

0 

28 

0 

Vermes 

1 

1 

0 

0 

t 

0 

0 

7 

0 

2 

6 

1 

Anuria. 

Polyarthra,      .... 
Roilfer, 

0 
0 

1 

1 

0 
0 

0 
0 
0 

0 
0 
0 

2 
0 
0 

0 
0 
0 

0 
0 
0 

2 

0 
6 

0 
0 
0 

2 
0 
0 

2 
2 

1 

I 
0 
0 

Crustacea.  Cyclops, 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

8 

MitceUaMOut,  Zodglooa, 

0 

0 

0 

0 

0 

60 

0 

0 

25 

6 

0 

10 

Total 

10,477 

801 

660 

2,000 

1,718 

268 

26,000  1,034 

380 

237 

85 

84 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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hollistox. 
Water  Supply  op  Holliston.  —  Holliston  Water  Company. 

Chemical  Examination  of  WaUr  from  the  Works  of  the  EoUiston  Water  Company, 

[PvU  per  100,000.] 


a 


15886 
10225 
16577 
16073 
17S86 
177M 


■ 

g 


18»«. 

Jan.  15 

Mar.  10 
May  11 
July  U 
Sept.  8 
Not.  0 


Appsabaugx. 


None. 
V.  alight. 
V.  alight. 
V.  alight. 
None. 
V.  alight. 


None. 
V.  slight. 
Slight. 
V.  alight. 
None. 
Blight. 


.28 
.30 
.40 
.20 
.17 
.40 


8.60 
2.05 
8.15 
4.00 
4.20 
4.20 


Amkoioa, 


I 


i 


.0004 
.0004 
.0002 
.0000 
.0000 
.0006 


.0076 
.0124 
.0170 
.0073 
.0096 
.0144 


I 


.28 
.28 
.26 
.28 
.28 
.85 


NlTROOKir 

Aa 


i 


^ 


.0100 
.0080 
.0080 
.0030 
.0070 
.0000 


.0000 
.0000 
.0000 
.0000 
.0000 
.0001 


.28 
.28 
.48 
.24 
.15 
.48 


I 


1.3 
0.8 
0.8 
0.5 
1.4 
1.2 


.0020 


.0150 
.0090 


Averages  by  Tears. 


- 

1891* 

- 

- 

.00 

6.70 

.0000 

.0021 

.24 

.0110 

.0000 

- 

1.8 

. 

- 

1892 

- 

- 

.05 

4.16 

.0001 

.0043 

.27 

.0108 

.0000 

- 

2.1 

.0480 

- 

1894 

- 

.10 

4.60 

.0001 

.0085 

.82 

.0155 

.0001 

.08 

2.4 

.0218 

* 

1895 

- 

- 

,.26 

4.28 

.0006 

.0007 

.31 

.0117 

.0000 

.29 

1.6 

.0095 

- 

1896 

- 

.28 

8.68 

.0008 

.0114 

.28 

.0052 

.0000 

.80 

1.0 

.0087 

*  Aagnat,  two  aamplea. 

Nora  to  analyaea  of  1896 :  Odor  in  Jaly  and  September,  none ;  at  other  timea,  yegotable.  —  The  first 
fonr  aamplea  were  collected  from  a  fbaoet  at  the  pumping  atatlon,  while  pumping;  the  last  two  were 
oollected  from  faneeta  in  the  town. 


Microscopical  Examination. 

Ajq  ioilgnifleant  namber  of  organltma  waa  f^ond  In  theae  samples. 
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HOIiTOKE. 


Water  Supply  of  Holyoke. 


Chemical  EzamitKUian  of  Water  from  Whiting  Street  Storage  Reservoir^  Eolyoke, 

[Parta  per  100,000.]     , 


I 

a 

a 
&5 


g 

S 
o 

I 


15063 
10322 
16603 
17050 
17554 
17049 


1806. 

Jan.  27 

Mar.  25 
May  25 
Joly27 
8ept^ 
Nov.  24 


Afpsabaiiob. 


Blight. 

Distinct. 

Distinet, 

white. 

Decided. 

Distinct, 

green. 

Distinct. 


a 


Slight. 

Cons. 

Oons. 

Cona. 

ICons., 

green. 
Slight. 


s 


.25 
.82 
.20 
.20 
.25 
.15 


Residue  on 

fiVAPOEA- 

TION. 

• 

Loss  on 
Ignition. 

6.10 

1.40 

6.65 

1.10 

4.40 

1.25 

6.45 

1.70 

5.06 

1.90 

4.55 

1.80 

Ammonia. 


Albuminoid. 


I 


I 


a 


.0200 
.0128 
.0000 
.0000 

.0024 
.0012 


.0168 
.0166 
.0194 
.0820 
.0396 
.0284 


.0132 
.0106 
.0180 
.0204 
.0294 
.0188 


.0086 
.0060 
.0064 
.0116 
.0102 
.0096 


« 

B 
Q 


.15 
.17 
.15 
.18 
.14 
.16 


Nitrogen 

AS 


S 

£ 


.0060 
.0100 
.0050 
.0030 
.0000 
.0050 


.0000 
.0002 
.0001 
.0000 
.0000 
.0000 


•2 

a 

s 


s 


.29 
.27 
.14 
.34 
.87 
.80 


2.4 
4.0 
2.6 
2.7 
2.8 
2.5 


Averages  by  Tears. 
From  Brook  before  Reservoir  was  htdU. 


. 

1887* 

- 

- 

.48 

7.89 

1.44 

.0024 

.0904 

- 

- 

.18 

.0M6 

• 

. 

• 

- 

1888 

- 

- 

.25 

6.68 

1.22 

.0009 

.0183 

- 

- 

.10 

.0081 

.0001 

- 

- 

- 

1889r 

- 

- 

.14 

6.72 

1.02 

.0006 

.0134 

.0002 

.0042 

.11 

.0054 

.0001 

- 

- 

From  Reeervoir, 


. 

1890t 

- 

• 

.80 

6.95 

1.60 

.0008.0244 

.0188 

.0066 

.15 

.0120 

.oooo' 

• 

8.0 

- 

1891 

- 

- 

.41 

6.84 

2.05 

.0126 

.0311 

.0258 

.0058 

.12 

.0185 

.0006 

1 

- 

8.1 

- 

1892 

- 

- 

.80 

5.67 

1.86 

.0029 

.0294 

.0247 

.0047 

.14 

.0102 

.0001 

- 

2.8 

- 

1898 

- 

- 

.18 

4.67 

1.63 

.0008 

.0251 

.0183 

.0068 

.18 

.0068 

1 

.0001 

.88 

2.6 

- 

1894 

- 

- 

.27 

5.08 

1.29 

.0007 

.0204 

.0155  .0049 

.16 

.0067 

.oouo 

1 

.88 

2.9 

- 

1895 

- 

- 

.23 

5.62 

1.70 

.0056 

.0311 

.0206 

.0105 

.16 

.0048.0001 

1        1 

.88 

8.1 

- 

1896 

- 

- 

.28 

1 

5.20 

1.44 

.0061 

.0255 

.0176 

.0079 

.15 

.0048.0000 

1 

.28 

2.8 

*  Jane  to  December. 


t  Jaoaary  to  May. 


t  December. 


NoTB  to  analyiea  of  1896:  Odor,  generally  faintly  Tegetablei  becoming  somewhat  stronger  on 
heating.— ^ The  aamples  were  collected  from  the  resenroir. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HOLYOKE. 

Microscopical  Examination  of  Water  from  Whiting  Street  Storage  Reservoir, 

Holyoke, 

[Narober  of  organisms  per  cable  centimeter.] 


18»«. 


Jan, 


Mar. 


May. 


July. 


Sept. 


Day  of  examination,     . 
Number  of  sample, 

PLANTS. 
Dlatomacead, .      .      .      . 

Asterlonella,  .  .  •  . 
Fragilaria,  .  .  .  . 
Mendlon,  .  .  .  . 
Navlcala,        •       .       .       . 

Synedra, 

Trioeratinm 

OyanophyoeeB, 

Anabflona,  •  .  .  . 
CoBlospbflorlam,      .  . 

Alff8B, 

Arthrodetmus,       •       . 
Chloroooeena, . 
Oonferva,        .       •       .       . 
Dictyoepimrinm,   . 
Pootocoocns,   .       •       .       . 
Bapbidlaro«     .       .       .       . 
Bcenedesmos, .       .       .       . 

Selenastmro 

Staarastmm 

Zodsporee,      .       .       .       . 

ANIMALS. 

Bhizopoda,     .      .      .      . 

Aetlnopbrys,  .  .  .  . 
Aroella, 

Inftisoria, 

Cryptomonas,  .  .  . 
Dinobryon,  .  .  .  . 
Dinobryon  cases,   • 

SagJena, 

Mallomonas,  .  .  .  . 
Peridiolnm,    .       .       .       . 

Phacos, 

Bapbldomonas, 
Tracbelomonas, 

Crustacea,      •      .      .      . 

Cyclops 

Daphnla,         .       .       .       . 

MUeeUaneaut,  Zodglooa,      . 
Total, 


28 
1&008 


26 
10822 


26 
16663 


28 
17050 


25 
17554 


170 

4 

0 
0 
0 
166 
0 


0 
0 


14 

0 
0 
0 
0 
8 
2 
4 
0 
0 
0 


0 
2 


St 

4 

0 
0 
0 
0 
0 
0 
0 
28 


0 
0 


88 

88 
0 
0 
0 
6 
0 


0 
0 


71 

0 
0 
0 
0 
68 
1 
2 
0 
0 
0 


0 
0 


08 

0 
4 
0 
1 
0 
0 
0 
0 
88 


0 
0 


20 


288 


120 


877 


232 

76 

0 

0 

22 

0 


0 
0 


222 

0 
0 

10 
0 
0 

12 

0 

0 

0 

200 


0 
0 


0 
286 
72 
0 
0 
1 
0 
0 
0 


0 
0 


60 


021 


84 

8 
0 
0 
0 
81 
0 


1 

8 


226 

0 
0 
0 
0 
220 
0 
2 
0 
4 
0 


0 
0 


212 

0 
0 
0 
0 
166 
0 
0 
0 
66 


0 
0 


20 


252 

80 

•    0 

0 

2 

220 

0 


100 

60 
40 


1,872 

82 
262 

0 

10 

1,508 

0 
52 

0 
18 

0 


501 


0 
0 


18 

0 
0 
0 
0 
2 
0 
2 
2 
12 


.18 

.16 
.02 


Nov. 


25 
17040 


228 

112 

76 
4 
4 

24 
8 


20 

0 

20 


786 

0 
0 
0 
0 

888 

84 

4 

8 

252 
0 


4 
0 


96 

0 
88 
0 
0 
4 
4 
0 
0 
0 


0 
0 


100 


2,242 


1,184 
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HOIiYOKE. 

Chemical  Examination  of  Water  from  Wright  and  Ashley  Ponds^  Eolyoke, 

[Parts  p«r  100»000.] 


I 


16062 
16821 
16604 

17058 
17553 
17948 


o 

« 

"3 
O 

^« 
o 

S 

m 

Q 


1896. 

Jan.  27 

Mar.  25 
fi£ay25 
July  27 
Sept.24 
Nov.  24 


Appbasavob. 


DUtlDCt. 

y.  Blight. 

DlBtlDOt. 
DlBtiOCt. 

Slight. 
Decided. 


y.  Blight. 

y.  Blight. 

Slight* 

white. 
Slight. 

Slight. 

Slight. 


a 


.25 
.10 
.10 
.13 
.08 
.10 


Kbbidub  ox 

BVAPOBA- 
TIOM. 


o 


6.90 
6.45 
4.95 
6.80 
4.90 
6.76 


I 


a 

I 


1.90 
1.45 
1.60 
1.45 
1.45 
1.60 


Ammonia. 


Albuminoid 

1 

• 

•8 

^ 

iS 

•o 

1 

1 

3 

^1 

oo 

.0010 
.0006 
.0002 
.0012 
.0010 
.OOU 


.0400 
.0182 
.0194 
.0208 

.0332 
.0200 


.0878 
.0158 
.0174 
.0184 

.0298 
.01S2 


.0022 
.0024 
.0020 
.0024 
.0034 
.0078 


.a 


.18 
.19 
.16 
.14 
.20 
.17 


Nitboobv 

▲8 


i 
I 


.0100 
.0070 
.0050 
.0020 
.0020 

.oboo 


I 


.0001 
.0000 
.0000 
.0000 
.0000 
.0000 


.41 
.19 
.18 
.81 
.28 
.21 


8.2 
3.7 
8.1 
2.9 
2.8 
8.1 


Averages  by  Tears, 


a* 

1887* 

- 

- 

.08 

6.25 

0.89 

.0029 

.0202 

- 

- 

.13 

.0016 

- 

m. 

- 

a* 

1888 

- 

- 

.06 

4.81 

0.82 

.0024 

.0178 

- 

- 

.12 

.0054 

.0001 

- 

- 

- 

1889 

- 

m 

.02 

6.87 

0.74 

.0020 

.0201 

.0161 

.0040 

.13 

.0039 

.0000 

- 

- 

- 

1890 

- 

- 

.01 

- 

- 

.0020 

.0201 

.0151 

.0050 

.18 

.0048 

.0000 

- 

- 

- 

1891t 

- 

- 

.01 

6.10 

- 

.0046 

.0248 

.0201 

.0042 

.13 

.0085 

.0001 

- 

- 

1892t 

- 

- 

.02 

5.10 

1.15 

.0008 

.0196 

.0154 

.0042 

.17 

.0020 

.0000 

- 

- 

1893 

- 

- 

.06 

4.71 

1.21 

.0026 

.0195 

.0152 

.0043 

.15 

.0072 

.0000 

.25 

- 

1894 

- 

- 

.09 

5.14 

1.88 

.0022 

.0215 

.0179 

.0036 

.17 

.0045 

.0000 

.20 

- 

1895 

- 

- 

.20 

5.41 

1.68 

.0042 

.0255 

.0225 

.0030 

.19 

.0057 

.0001 

.84 

- 

1896 

- 

- 

.13 

5.87 

1.54 

.0010 

.0268 

.0229 

.0034 

.17 

.0043 

.0000 

.25 

*  June  to  December. 


t  July  and  October. 


tMay. 


Non  to  BoalyBeB  of  1896 :  Odor,  generally  mouldy  and  graBey,  oocaBionally  flshy.  — —  The  safflplea 
were  ooUected  from  Aehley  Pond. 
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HOLTOKE* 

Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holyoke. 

[Number  of  orgaolimi  per  enbio  ceDtimeter.] 


1896. 


Jtn. 


Mat. 


May. 


Dfty  of  exftmiDattoo 

Namber  of  aample, 

PLANTS. 
DlatomaceeB, 

Aaterionella,  .       .       .       .       . 

Cycloiella 

Dtatoma, 

Meloalra, 

Navieula,        •       • 

Bynedra, 

Tabellaria, 

CyanophyceeB, 

Anabnna, 

Ctarooeoocaa, 

C<Blosph8Brlam,      ....... 

Mierocyatia 

OaeUlarU* 

AlffflD 

Protococena, 

RAphldlam, 

Boeoedeemua, 

ANIMALS. 
InftLSoria. 

Dinobryoo . 

Englena, 

Mallomooaa, 

Mooaa, 

Perldtofam 

Trachelomonaa 

Vermes •      • 

Aoarea, 

Aaplaocboaf    .       ...        .       .       .       .        . 

Polyartbra, . 

Boutorian  ova, 

Cmstaoea,  DaphDla 

MUeeilaneoutt  Zooglcea, 

Total, 


28 
16962 


26 
16821 


26 
16664 


Jnly. 


Sept 


28 
17058 


20 


658 


2,837 


895 


25 
17558 


89 


0 

259 

852 

4 

47 

0 

256 

820 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

4 

17 

0 

0 

2 

0 

0 

0 

8 

24 

0 

26 

0 

0 

6 

0 

1 

0 

0 

0 

28 

164 

0 

0 

0 

20 

7 

0 

0 

0 

0 

4 

0 

0 

0 

1 

5 

0 

0 

0 

2 

124 

0 

0 

0 

0 

14 

0 

76 

19 

12 

41 

0 

76 

15 

4 

40 

0 

0 

2 

8 

0 

0 

0 

2 

0 

1 

656 

2,501 

2 

0 

1 

508 

2,496 

0 

0 

0 

0 

1 

1 

0 

0 

•  0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

148 

2 

0 

0 

0 

0 

2 

0 

0 

0 

2 

1 

2 

0 

2 

0 

0 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

20 


265 


Not. 


25 
17948 


228 

70 
6 
0 
128 
2 
6 

16 


85 

1 
0 
0 
0 

84 


40 

40 
0 
0 


22 

10 
0 
0 
0 
6 
6 


0 
0 
0 
0 


.02 


100 


475 


Water  Supply  of  Hopedalb. 


(See  Milford,) 
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HUDSON. 


I 

0 


16886 
10079 
18201 
16402 
16890 
17165 
17622 
18016 


Water  Supply  of  Hudson. 

Chemical  Examination  of  Water  from  Gates  Pond,  Berlin. 

[PortB  per  100,000.] 


§ 


1 

Mm 

o 


18INI. 

Jan.  16 

Feb.  18 
Mar.  17 
Apr.14 
JiiDe25 
Ang.ll 
Oct.  12 
Dec.  8 


Appbabanob. 


a 
H 


V.  Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  Blight. 

Distinct. 

DiBtlDOt. 


o 


V.  Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  Blight. 

CODB. 

Slight. 


.04 
.10 
.08 
.06 
.04 
.04 
.08 
.04 


BB8ID 

UB  OK  II 

EVAPOBA- 

TIOM. 

• 

e 

o 

3 

. 

n 

CB 

«i>^ 

^3 

00 

H 

3 

2.60 

1.86 

2.96 

0.60 

2.66 

1.00 

1.96 

0.76 

2.30 

0.00 

2.60 

0.80 

2.46 

0.96 

2.16 

0.80 

Ammonia. 


Albamlnold. 

t 

W 

■2 

• 

•o 

§ 

1 

s 

Si 

hi 

H 

Q 

CD 

.00(4 
.0078 
.0028 
.0028 
.0000 
.0008 
.0060 
.0028 


.0164 
.0138 
.0134 
.0160 
.0146 
.0160 
.0172 
.0142 


.0132 
.0120 
.0120 
.0122 
.0124 
.0180 
.0134 
.0100 


.0032 
.0018 
.0014 
.0028 
.0022 
.0020 
.0038 
.0042 


6 

a 
■c 

O 


.27 
.33 
.28 
.21 
.22 
.28 
.24 
.24 


NlTBOGBM 
A8 


.0000 
.0140 
.0160 
.0060 
.0020 
.0000 
.0030 
.0000 


.0000 


« 

a 

p 

m 
C 
O 

I 


.10 


.0001  .17 


.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


.22 
.17 
.17 
.20 
.14 
.11 


a 

I 

a 


1.1 
1.1 

1.0 
0.8 
0.9 
0.6 
0.9 
0.8 


Averages  by  Tears. 


„ 

1887* 

. 

. 

.06 

3.17 

0.71 

.0014 

.0160 

- 

- 

.21 

.0064 

- 

- 

- 

'• 

1888 

- 

- 

.06 

2.66 

0.69 

.0016 

.0168 

- 

- 

.19 

.0066 

.0001 

- 

- 

. 

1889 

- 

- 

.03 

2.14 

0.68 

.0020 

.0189 

.0139 

.0060 

.19 

.0048 

.0001 

- 

- 

• 

1890 

- 

- 

.02 

2.82 

1.04 

.0023 

.0161 

.0124 

.0037 

.21 

.0064 

.0000 

- 

1.2 

• 

1891 

- 

- 

.04 

2.62 

0.90 

.0011 

.0160 

.0117 

.0033 

.20 

.0074 

.0000 

- 

0.9 

» 

1898 

- 

- 

.06 

2.46 

1.01 

.0040 

.0178 

.0146 

.0032 

.23 

.0039 

.0000 

.20 

0.0 

-. 

1894 

- 

- 

.04 

2.27 

0.83 

.0010 

.0148 

.0124 

.0024 

.22 

.0008 

.0000 

.16 

0.6 

- 

1896 

- 

- 

.06 

2.46 

0.92 

.0016 

.0176 

.0144 

.0031 

.23 

.0027 

* 

.0000 

.20 

0.9 

- 

1890 

- 

- 

.06 

2.48 

0.84 

.0037 

.0160 

.0128 

.0027 

.26 

.0060 

.0000 

.17 

0.9 

*  JuDe  to  December. 


Note  to  analyaeB  of  1896 :  Odor,  faintly  vegetable,  BometlmeB  none,  becoming  Bomewhat  stronger  on 
heating.— The  Bamplea  were  collected  from  the  pond.  For  monthly  height  of  water  In  this  pond,  see 
page  179. 
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HUDSON. 


Microscopical  Examination  of  Water  from  Gates  Pond^  Berlin, 

[Number  of  orgaoiemi  per  cubic  ceotlmeter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. 


Jane. 


Ang. 


Oct. 


Dec. 


Day  of  ezamlnatloD, 

Number  of  lample 

PLANTS. 
DiatomaoosB,       ...•••• 

AeterioneUa 

Melotlra, 

Navlcula, 

Synedra, 

Tabellaria 

GyanophycesB, 

Clathrocyetifl,        .       ,    - 

Mlcrocyetie 

AlgtB 

Protococoue 

Raphldlum 

ANIMALS. 
Bhizopodai  Actlnophryt, 

InfoBoria, 

Codonella, 

DloobryoD,    

Eugieoa, 

Mallomooas 

Mooat, 

Peridlninm, 

Vermes, 

Aourea,  •       •       • 

Polyarthra, 

JtUceUaneau$t  ZoSgloea, 

Total, 


16 
15885 


10 
16070 


17 
16201 


16 
16402 


26 
16800 


12 
17165 


13 
17622 


0 
18016 


0 
0 
0 
0 
0 


0 
0 


2 
0 


0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 
0 
0 
0 


0 
0 


0 
0 


341 

0 

324 

4 

13 
0 


0 
0 


17 

15 
2 


212 

102 

8 
0 

4 
8 


12 

0 
12 


80 

30 
0 


0 
0 
0 
0 

1 


69 

10 
40 


0 
0 


0 

8 

0 

56 

4 


0 
0 


14 

10 

4 


588 

404 

172 

0 

8 

4 


0 
0 


16 

0 
16 


1 
0 
0 
0 
0 
1 


0 
0 


0 
0 
0 
0 
0 
0 


0 
0 


0 
0 
0 
0 
0 
0 


0 
0 


80 

0 

0 

0 

28 

1 
1 


6 
0 


26 

0 
26 
0 
0 
0 
0 


0 
0 


0 
0 
0 
0 
0 
2 


0 
0 


0 
0 
1 
0 
1 
0 


0 
0 


477 

1 
460 
0 
4 
0 
12 


0 
1 


10 


20 


16 


10 


304 


890 


82 


00 


1,002 


Table  shoufing  Heights  of  Water  in  Qates  Pond  Each  Month  during  1896, 

[Hlgb'Water  mark  la  14  feet.] 


DATS.— 1S96. 

Feet, 

Date.— ISINI. 

Feet. 

Jan.     16 

Feb.     16 

Mareh  15, 

AprU  16, 

May     16 

June    16 

0.88 
10.76 
11.76 
12.54 
12.17 
11.02 

July  15, 

Aug.  15, 

Sept.  15, 

Oct.    15, 

Not*  15, 

Dec.  15 

11.12 
10.50 
10.25 
10.04 
0.96 
0.92 

180 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


HUNTINGTON. 

Huntington. 

The  advice  of  the  State  Board  of  Health  to  citizens  of  Huntinsr- 
ton  relative  to  the  use  of  water  from  springs  west  of  the  village  for 
domestic  purposes  may  be  found  on  pages  19  and  20  of  this  volume. 

Chemical  Examination  of  Water  from  Springs  in  Huntington, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appbakancb. 

Bcsidue  on 
Evaporation. 

1  Ammonia. 

1 

Chlorine. 

KlTROOBM 
A8 

Oxygen 

Consumed. 

a 

• 

1 

a 

• 

a 

1 

1 

1 

1 
e 

• 

1 

^m 

16069 

1806. 

Feb.  15 

V.  Blight. 

SUght. 

.10 

8.06 

.0010 

.0088 

.11 

.0070 

.0000 

.18 

0.8 

^ 

16120 

Feb.  24 

None. 

Slight, 
green. 

.00 

4.80 

.0012 

.0180 

.14 

.0060 

.0001 

.04 

0.6 

.0010 

Odor  of  the  first  sample,  diatinetly  clayey;  of  the  aecond,  dtstlnctly  graaay. The  first  aarople 

was  collected  from  a  faucet  in  the  village  supplied  from  a  spring  on  the  hillside,  south  of  Westfield 
Klver;  the  laat,  from  a  spring  near  the  roadirom  Norwich  bridge  to  Chester  Center,  about  24  mllea  from 
the  village  of  Huntington. 

Microscopical  Examination, 

An  Inalgnifieant  number  of  organiama  was  found  In  No.  16120;  no  organlsmB  were  found  In  th« 
other  aample. 

Chemical  Examination  of  Water  from  Cook  or  Soaring  Brook  and  from  Taylor 

Brooke  in  Huntington, 

[Parte  per  100,000.] 


Date  of  Collection. 

Appbabanob. 

Kbbidcb  om 

EVAPOBA- 
TION. 

Anmohia. 

• 

*> 
'    e 

i 

S 

'.12 
.12 

MITBOOBN 
AS 

• 

a 
S 

s 

1 

.16 
.14 

1 

1 

I 

•o 

.2 

• 

.10 
.10  ' 

1 

1 

Lesson 
Ignition. 

1 

Albuminoid. 

• 

1 

• 

s 

55 

1 

0 

• 
mm 

m 

• 

> 

Sus- 
pended. 

i 

■H 

s 

16070 
16110 

1806.  1 

Feb.  16 ' 

Feb.  24  1 

1 

V.  Blight. 
None. 

y.  alight. 
V.  Blight. 

8.40 
1.56 

1.20 
0.60  ' 

.0000.0068 
.0000.0060 

.0050 
.0044 

.0008 
.0006 

* 

1.0180 

.0030 

.0000 
.0001 

1.0 

0.8 

Odor  of  the  first  aarople,  diatinetly  clayey ;  of  the  second,  none. The  flret  sample  was  ooUected 

from  Cook  or  Roaring  Brook,  and  the  aecond  from  Taylor  Brook. 

Microscopical  Examination, 

An  Insignificant  number  of  organiama  waa  found  in  No.  16110;  no  organiama  were  found  la  th« 
other  sample. 

Water    Supply  or    Hyde    Park  and  Milton. — Hyde    Park 

Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Hyde  Park  Water 
Company,  with  reference  to  taking  an  additional  supply  of  water 
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HYDE  PARK  AND  MILTOX, 

from  the  ground  in  the  vicinity  of  Mother  Brook  in  Dedhara,  may 
be  found  on  pages  20  and  21  of  this  volume.  Analyses  of  samples 
of  water  collected  from  test  wells  in  this  vicinity  may  be  found  in 
the  table  following  the  analyses  of  water  from  the  Neponset  River. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Hyde  Park  Water  Company, 

[PftrtB  per  100,000.] 


Date  of 

Collection. 

ArPBAKAMCB. 

A 

a  >• 

1 

Ammovu. 

i 

i 

NiTBOOKH 
▲S 

Oxygen 

Consumed. 

i 
1 

a 

1 

^ 

g 

a 

1 

• 

1 

i 

• 

i 

• 

16920 

1896. 

Jan.  21 

None. 

V.eUght. 

.02 

9.10 

.0088 

.0024 

1.18 

.0980 

.0003 

.08 

3.9 

.0225 

10078 

Feb.  18 

None. 

None. 

.02 

8.90 

.0064 

.0082 

1.01 

.0800 

.0003 

.06 

3.5 

.0060 

10200 

Mar.  17 

Nont. 

None. 

.02 

7.76 

.0064 

.0020 

0.90 

.0780 

.0001 

.07 

3.6 

.0100 

10448 

Apr.  21 

None. 

Slight. 

.00 

8.16 

.0040 

.0098 

0.91 

.0880 

.0001 

.02 

3.3 

.0040 

10017 
108S1 

May   19 
Jane  16 1 

1  None. 
SHght. 

Slight, 

dark. 
Cone. 

.80 
.06 

9.06 
9.40 

.0048 
.0002 

.0040 
.0030 

1.00 
1.21 

.1060 
.1050 

.0002 
.0000 

.28 
.04 

4.1 
4.2. 

.0040 
.0050 

17026 

July  21 

V.  Blight. 

y.  Blight. 

.06 

10.20 

.0002 

.0046 

1.18 

.0000 

.0002 

.12 

4.3 

.0060 

17220 
17446 
17060 

Aag.  18 
Sept.  14 
Oct.    19 

Slight. 

white. 
Dlatinet. 

DiflUnct. 

Slight. 

Slight, 
rusty. 
Slight. 

.06 
.07 
.04 

10.30 
11.66 
ll.U 

.0006 
.0160 
.0140 

.0030 
.0070 
.0064 

1.24 
1.02 
1.60 

.0080 
.0600 
.0960 

.0002 
.0007 
.0008 

.14 
.13 
.13 

4.4 

4.6 
4.6 

.0040 
.0290 
.0186 

17870 

Nov.  17 

Olatlnct. 

SUght. 

.03 

10.00 

.0090 

.0034 

1.41 

.1000 

.0001 

.11 

4.3 

.0275 

18148 

Dec.  16 

None. 

Slight, 
maty. 

.04 

10.00 

.0080 

.0004 

1.20 

.1000 

.0004 

.10 

4.4 

.0330 

Averages  by  Tears, 

- 

1887*  i 

- 

- 

.00 

1 
0.07  1 

.0004 

.0012 

0.82 

.0099 

- 

- 

1888 

- 

- 

.00 

0.00 

.0001 

.0023 

0.76 

.0041 

.0002  , 

- 

- 

- 

- 

1889t 

- 

- 

.00 

6.70 

.0001 

.0019 

0.08 

.0590 

.0001 

- 

- 

- 

- 

1890t 

a* 

- 

.02 

9.36 

.0006 

.0023 

0.88 

.0550 

.0002 

4.2 

- 

- 

1891§ 

- 

- 

.03 

9.10  1 

.0000 

.0040 

0.90 

.0075 

.0002 

- 

3.0 

- 

- 

189211 

- 

- 

.00 

7.20 

.0004 

.0036 

0.99 

.0500 

.0004 

1 

- 

3.0 

- 

- 

1898 

- 

- 

.02 

8.02 

.0031 

.0032 

1.19 

.0879 

.0002 

.10 

3.7 

.0112 

- 

1894 

- 

- 

.03 

9.08 

1 

.0040 

.0039 

1.87 

.0843 

.0001 

.09 

3.9 

.0175 

- 

1895 

- 

- 

.04  . 

9.44 

1 

.0003 

.0035 

1.81 

.0807 

.0001 

.00 

4.0    .0149 

- 

1890 

- 

- 

.03 

1 

9.08 

.0084 

.0046 

1.21  i 

1 

.0882 

.0003 

.11 

4.1    .0141 

*  Jane  to  December. 
$  Jane  and  September. 


t  January  to  May. 

II  Two  samples  in  July. 


X  February  and  August. 


Non  to  analyses  of  1890:  Odor,  none. The  samples  were  eollected  from  a  faucet  at  the  pump. 

ing  atailon. 

Microscopical  Examination, 

An  inslgnifloant  nomber  of  organisms  was  found  in  these  samples. 
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HYDE  PARK  AND  MILTOX. 

Chemical  Examination  of  Water  from  a  Faucet  in  Milton  supplied  from  the  Works 

of  the  Hyde  Park  Water  Company, 

[PartB  per  100,000.] 


i$ 


15861 
16018 
16192 
16379 
16546 
16732 
16947 
17128 
17377 
17594 
17787 
18003 


Av. 


I 

o 

s 


APPEABAKCE. 


0 

H 


1806. 

Jan.  0 

Feb.  4 

Mar.  4  , 

Apr.  9  I 

May  5  i 

June  4 

July  8  ' 

Aug.  5 

Sept.  8 

Oct.  7 

Nov.  4 

Dec.  7 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


Nonp. 

V.  slight. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

V.  alight. 

None. 

V.  alight. 


o 
•3 


.00 
.01 
.00 
.00 
.00 
.00 
.01 
.03 
.03 
.04 
.02 
.02 


.01 


e 

J 


& 


10.30 
10.70 
10.00 

8.80 
10.70 
10.80 
10.20 

9.80 
12.80 
11.30 
10.60 
10.70 


10.56 


Ammohia. 


.0000 
.0000 
.0004 
.0004 
.0006 
.0000 
.0000 
.0010 
.0000 
.0000 
.0004 
.0008 


.0003 


2 

o 
a 

i' 


.0018 
.0024 
.0032 
.0038 
.0010 
.0048 
.0030 
.0044 
.0028 
.0044 
.0040 
.0022 


.0081 


1.73 
1.55 
1.38 
1.30 
1.51 
1.44 
1.34 
1.43 
1.86 
1.81 
1.78 
1.68 


1.67 


KlTBOOElf 
AS 


.1600 
.1100 
.1050 
.1560 
.1900 
.1500 
.0950 
.1000 
.1100 
.1000 
.1400 
.1020 


.1266 


s 

^6 


o 


.0000 

.03 

3.9 

.0000 

.07 

4.2 

.0000 

.07 

3.8 

.0000 

.02 

3.6 

.0000 

.02 

4.0 

.0000 

.10 

4.4 

.0000 

a* 

4.0 

.0000 

.09 

4.0 

.0000 

.04 

4.4 

.0000 

.13 

4.4 

.0000 

.08 

4.1 

.0000 

.07 

4.2 

.0000 

.07 

4.1 

.0010 
.0150 
.0040 
.0060 
.0050 
.0020 
.0040 
.0030 
.0020 
.0120 
.0060 
.0030 


.0063 


Odor,  generally  none.    On  heating,  a  faintly  earthy  odor  was  developed  in  aome  of  the  aamplea. 
The  samples  were  collected  from  a  faucet  in  the  office  of  the  Milton  Water  Company. 


Microscopical  Examination, 


No  organisms. 


Chemical  ExamincUion  of  Waier  from  the  Neponset  River  at  Hyde  Park, 

[ParU  per  100.000.] 


• 

5           1                 ArPEARAKCB. 



Residue  on 

li 

Evapora- 

AUMOKIA. 

NiTBOOEN 

«< 
1 

tion. 

AS 

1 

« 

Albuminoid.' 

s 

to  of  Co 

•3 

u 

«1 

a 

1 

5 

i 

Loss  on 
Ignitioi 

• 

^ 
5 

1 
1 

n 

00    &< 

lorine. 

1 

6 

1 

• 

m 
m 

s 

ST, 

a             1             ^ 

1 

6 

s 

£ 

^ 

.9       a  a. 

£ 

0 

s 

J 

1896.   ' 

1 

15919Man  21    Distinct. 

Slight. 

1.00 

6.25 

2.40 

.0012 

.0258 

.0212 

.0046 

0.70i 

.0230 

.0002 

0.83 

1.9 

160771  Feb.  18    Slight. 

Slight. 

0.90 

5.65 

2.16 

.0006 

.0200.0184  .001610.57 

.0120!. 0001' 

0.74 

1.0 

16267  Mar.  17     V. slight. 

V.  slight. 

0.80 

4.85 

3.00 

.0008 

.0200  .0180,.0O20  ,0.68  1.0100  .0001 1 

0.09 

1.7 

164471  Apr.  21    Decided. 

Cons., 

1.15 

5.70 

2.36 

.0126 

.0404  .0316  .0088  0.52J 

.00601.0001, 

1.00 

1.7 

rusty. 

1 

1 

16616  May  19    Decided. 

Cons. 

1.10 

8.56 

2.36 

.0486 

.0348  .0310 

.0038  1.26 

.0050 

.0001 

1.12 

8.0 

16S30  Jane16    Distinct 

Cons. 

1.18'  6.80 

2.60 

.0064 

.0364'. 0330'  0034  iO.83  1.0020.0002 

1.20 

2.3 

17024  July  21    DisUnct. 

Cons. 

1.00 

12.10 

2.76 

.0112 

.0440.03701.0070:2.20 

.0030 

.0001 

0.82 

4.4 

17225  Aug.lSl  Distinct. 

rasty. 

Cons. 

0.70 

16.66 

2.60 

.0640 

.0440 

.0398  .0042 '3.29' 

.0020 

.00011 

'  1.09 

6.3 

17444  8ept.14    Distinct.    Cons. 

2.00! 

10.40 

4.46 

.0126 

.0612 

.05841.0028  1.26  .0040.0001' 

1.86 

2.8 

17658  Oct.  19    Distinct.  1  Blight. 

1.50 

9.76 

3.60 

.0020 

.0440 

.0414.0026  1.42  .0020.0001 

2.6 

17875  Nov.  17    Distinct,    Cons. 

1.20 

7.76 

2.85 

.0012 

.0292 

.0276 

.0016 

1.10. 0070  .0001 

1  '                                        1 

1  1.82 

2.3 

18147 

Dec.  15    Distinct.  'Slight. 

ll 

0.00 

0.80 

2.80 

.0082 

.0284 

.0202 

.0032 

0.961.0180  .0003 

1                    1 

1.00 

2.6 

No,  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HYDE  PARK  AND  MILTON, 

Chemical  Examination  of  Water  from  (he  Nepomet  River  at  Hyde  Park — 

Concluded. 

Averages  by  Years, 

[ParU  per  100,000.] 


s 

s 


I 

a 


& 


Appkabakcb. 


I 


I 


Residub  on 

EVAPOSA- 
TION. 


I 


c 


3 


1887* 

- 

- 

1888 

- 

18«lt 

- 

- 

1892t 

- 

- 

1893 

- 

- 

1894 

- 

- 

1895 

- 

- 

1896 

- 

- 

1.19 
1.02 
1.48 
0.90 
1.16 
1.14 
1.04 
1.12 


8.85 
6.77 
11.40 
13.30 
7.70 
9.68 
8.40 
8.36 


Ammonia. 


Albuminoid. 


i 

> 

3 


a  Gk 
oo 


2.30 

.0053 

.0400 

2.27 

.0030 

.0324 

3.45 

.0190 

.0610 

2.85 

.0260 

.0324 

2.49 

.0151 

.0320 

2.69 

.0112 

.0360 

2.81 

.0182 

.0365 

2.69 

.0187 

.0853 

.0413  .0097 
.0286*.  0038 


.0254 
.0277 


.0066 
.0083 


.0312  .0053 


.0315 


.0088 


KiTROOBN 
A8 


i 

i 


■i 

« 

a 


o 


0.99 

.0080 

- 

- 

0.83 

.0095 

.0002 

- 

1.16 

.0066 

.0003 

- 

2.31 

.0090 

.0012 

- 

1.19 

.0154 

.0005 

0.95 

1.64 

.0062 

.0002 

1.00 

1.18 

.0064 

.0001 

1.05 

1.22 

.0077 

.0001 

1.06 

3 
4 


3.8 
4.4 
2.4 
3.0 
3.0 
2.7 


*  Jane  to  December. 


t  August  aud  September. 


t  July. 


NoTK  to  analytea  of  1896 :  Odor,  generally  decidedly  vegetable  and  musty  or  dUagreeable,  and 

occaaiooally  ofifoative. The  saroplea  were  collected  from  the  river,  opposite  the  works  of  the  Hyde 

Tark  Water  Company.    The  river  Is  not  used  directly  as  a  source  of  water  supply. 


Chemical  Examination  of  Water  from  Test  Wells  in  Dedham, 

[Parts  per  100.000.] 


9 


17562 
17806 
17931 


a 
o 


1896. 

Sept.  29 

Nov.    9 


Nov.  20  I  None. 


APPKARANOB. 


i? 

3 


None. 
None. 


c 
o 

a 


o 
o 


G 
O 


Ammonia. 


•I 


6 

G 

I 


None. 

.02 

4.40 

.0000 

.0002 

0.51 

.0400 

None. 

.00 

9.10 

.0006 

.0012 

1.17 

.2000 

None. 

.00 

9.20 

.0002 

.0006 

1.22 

.3400 

KiTROOKN 
AS 


I 


I 


.0000 
.0000 
.0000 


I 

p 

s 

S6 


.01 
.01 
.14 


s 


2.0 
8.4 
3.1 


.0080 
.0050 
.0020 


Odor,  none. The  samples  were  collected  from  tubular  test  wells  in  the  valley  of  Mother  Brook 

in  Dedham,  near  the  line  between  the  towns  of  Hyde  Park  and  Dedham. The  first  sample  was  col> 

leeted  from  a  well  on  the  northerly  side  of  the  brook;  the  last  two,  from  a  well  on  the  southerly  side  of 
the  brook. 

Microscopical  Examination. 


No  organisms. 
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IPSWICH, 


Water  Supply  or  Ipswich, 


The  advice  of  the  State  Board  of  Health  to  the  water  board  of 
Ipswich,  relative  to  the  protection  of  the  purity  of  the  water  of 
Dow's  Brook  storage  reservoir,  may  be  found  on  pages  71  and 
72  of  this  volume.  Analyses  of  samples  of  water  collected  from 
several  small  streams  entering  the  reservoir  are  given  in  the  follow- 
ing tables :  — 


Chemical  Examination  of  Water  from  Dotv's  Brook  above  the  Storage  Beservoir 

of  the  Ipstvich  Water  Works, 


[Parta 

per  100,000. 

1 

• 

Appbabakcb. 

RE8IDDK  ON 

BVAPOHA- 

TION. 

Ammonia. 

•c 

o 

6 

.67 

MiTKOOBN 
A8 

a 

a 
m 
e 
o 

o 

e 

o 

6 

s 

J 

o 

• 

Lost  on 
Ignition. 

i 

Albuminoid. 

s 
fi 

1 

a 

sz: 

E- 

• 

► 

o 
S 

s 

Sus- 
pended. 

i 
1 

15060 

1806. 

Jan.  27 

None. 

V.aUght. 

.53 

4.20 

1.40 

.0004 

.0118 

.0102 

.0016 

.0030 

.0000 

.68 

1.6 

16118 

Fttb.24 

SUght. 

Slight. 

.27 

4.00 

1.10 

.0006 

.0002 

.0074 

.0018 

.47 

.0050 

.0000 

.30 

1.7 

16811 

Mar.  23 

v.  alight. 

Slight. 

.42 

8.45 

1.25 

.0000 

.0114 

.0006 

.0018 

.40 

.0050 

.0000 

.47 

1.1 

16405 

Apr.28 

v.  alight. 

Slight. 

.50 

4.05 

1.20 

.0008 

.0120 

.0106 

.0014 

.45 

.0050  .0002 

.46 

1.6 

16667 

May  25 

Slight. 

Slight. 

.22 

3.85 

1.00 

.0002 

.0060 

.0048 

.0012 

.40 

.0050.0000 

.16 

1.6 

16873 

Jiine22 

None. 

SUght. 

.15 

4.25 

0.75 

.0004 

.0058 

.0042 

.0016 

.56 

.0050 

.0000 

.18 

1.8 

17060 

July  27 

Diatinct. 

Slight. 

.25 

5.05 

1.60 

.0048 

.0250 

.0108 

.0052 

.70 

.0080 

.0000 

.88 

1 

2.0 

17273 

Aag.24 

Slight. 

Slight. 

.22 

4.05 

1.55 

.0018 

.0202 

.0182 

.0020 

.72 

.0070 

.0000 

.30 

1.7 

17580 

8ept.22 

V.  Blight. 

V.  Blight. 

.50 

5.10 

1.70 

.0006 

.0144 

.0128 

.0016 

.50 

.0030 

.0000 

.66 

1.6 

17756 

Oct.  80 

V.  Blight. 

Slight. 

.65 

4.00 

2.25 

.0004 

.0110 

.0104 

.0006 

.64 

.0030 

.0000 

.77 

1.6 

17054 

NoT.24 

None. 

Slight. 

.50 

5.10 

1.60 

.0002 

.0114 

.0104 

.0010 

1 
.68 

.0060  .OOOo' 

1 

.66 

1.0 

18158 

Deo.  21 

V.  alight. 

Slight. 

.88 
.38 

4.56 

1.25 

.0012 
.0000 
.0005 

.0086 
.0122 
.0120 

.0076 
.0105 
.0111 

.0010 
.0017 
.0018 

.62 
.57 
.61 

.0050  .0001 

.0046.0000 

1 

.0042.0001 

1          i 

.56 
.46 
.46 

1.8 

1806 

4.45 
4.74 

1.80 

1.7 

.47 

1805 

1.62 

1.6 

Note  to  aoalyaea  of  1806 :  Odor,  generally  falotly  vegetable,  aometlmea  oooe.    All  of  the  aaroplea 

had  vegetable  odora  when  heated. The  aamplea  were  collected  from  the  brook,  at  its  eutrauce  to  the 

atorage  reaervoir. 


Microscopical  Examination* 

The  average  Dumber  of  organlBma  per  cubic  centimeter  found  In  theae  aamplee  waa  26. 
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IPSWICH. 

Chemicai  ExamincUion  of  Water  froni  Brooks  Tributary  to  the  Dow^a  Brook  Storage 

Reservoir^  Ipswich, 

[PurU  p«r  100,000.] 


o 

Afpbarakoi. 

BlSIDUX  OH 
EVATOSA- 
•       TIOM. 

Ammonia. 

i 

o 

e 

KiTROQBM 
A8 

• 

1 

s 
on 

1 

a 

s 

1 

o 

1 

i 

1 

Losaon 
Ignition. 

• 

1 

Albuminoid 

• 

• 

s 

5 

9a 

a 

8 

1 

1 
1 

Sua- 
pended. 

• 

i 

1 

« 

s 

1896. 

16402 

Apr.28 

V.  slight. 

Slight. 

.25 

6.10 

1.15 

.0012 

.0122 

.0110 

.0012 

0.81 

.0080 

.0002 

.28 

1.0 

16408 

Apr.28 

Distinct. 

Cone. 

.20 

17.60 

2.85 

.1280 

.0530 

.0110 

.0120 

4.55 

.0420 

.  0056.  t.  36 

8.4 

16404 

Apr.28 

SUght. 

Slight. 

.18 

6.16 

1.45 

.0006 

.0114 

.0100 

.0014 

0.03 

.0300 

.0002 

.23 

2.2 

Odor  of  the  flrat  and  last  aamplea,  vegetable;  of  the  •eoon'1,  nnpleaaant. The  first  sample  was 

collected  from  Bailey  Brook,  as  it  enters  the  reservoir:  the  seound,  from  a  drain  from  several  buildings, 
as  it  enters  the  reservoir;  the  last,  from  Jewett's  Brook,  as  it  enters  the  reservoir. 

■  Microscopical  Examination, 

Ko.  16402.  Dl4tomaceaD,  ifelotirat  7 ; .  Meridion,  4;  Navicular  36;  Sj/tudra,  1;  Tabellaria,  10. 
Algas,  Stauraitrum^  I.    Total,  68. 

No.  16403.  DiatomacfflD,  Xnvicula,  28;  Plnnularia^  80.  Alga,  Clo*terinmt  6;  Staurantrum^  1; 
Spirogyrut  2.  Fungi,  Moldn^  10.  Rhisopodn,  AcHnophryn^  1.  Infusoria.  BugUna,  1;  Paramctcium^ 
1;  Sjfnwra^  2.    Vermes,  Anguillula,  1.    Miscellaneous,  ZoogUvUt  40.    Total,  173. 

KO.  16404.  Diatomaceas,  A8terioneHa,\\  Aferidion,  22;  ITavicula,  7;  Pinnularia^  1;  Synedra,  16; 
Tabellaria^  12.    AJgaa,  Staurastrum,  1.    Total,  63. 


Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Ipswich  Water 

Works, 

[Parta  per  100,000.] 


1 

s 

Appkarancb. 

Bbsiodb  on 
Evapora- 
tion. 

Ammokia. 

6 

e 

s 

.58 
.55 

.58 
:.63 

.00 
,.60 

.72 

.68 

.70 
.70 
.78 

.67 

.76 

NITROOBN 
AS 

s 

OS 

o 

a 

e 

o 

1 

s 

00 

i 

5 

1 

• 

% 

|1 

1 

1 

Albuminoid. 

• 

1 

2 

• 

s 

• 

• 

a; 

1 

• 

1 
1 

Q 

* 

a  o, 

00 

• 

3 

16061 

10812 

16406 
1666S 
16874 
17061 
17274 
17640 

17756 
17065 
18160 

Jan.  27 

Mar.23 

Apr.28 
May  25 
Juoe22 
July  27 
Aug.24 
8ept.22 

Oct.  80 
Nov.  24 
Dec.21 

Distinct, 
clayey. 
Distinct, 
clayey. 
Distinct. 
Slight. 
!  Slight. 
Slight. 
Slight. 
Distinct, 
green. 
Distinct. 
Slight. 
Distinct. 

Slight, 

earthy. 
Slight, 

earthy. 
V.  slight. 
Slight. 
Slight. 
Slltfht. 
Slight. 
Slight, 

green. 
Slight. 
Slight. 
Slight. 

.88 

.32 

.33 
.30 
.25 
.25 
.20 
.48 

.82 

.37 
.37 

.32 

.45 

4.25 

8.56 

3.80 
8.95 
4.35 
4.00 
4.05 
4.85 

5.65 
5.65 
6.20 

1.40 

1.45 

1.15 
1.55 
•1.80 
1.15 
1.55 
1.65 

2.10 
1.80 
1.85 

.0028 

.0042 

.0032 
.0014 
.0014 
.0012 
.0016 
.0014 

.0004 
;.0008 

'.0008 

1 

.0017 
.0022 

.0156 

.0154 

.0186 
.0122 
.0114 
.0134 
.0208 
.0230 

.0250 
.0220 
.0182 

.0178 

.0104 

.0114 

.0142 

.0176 
.0110 
.0104 
.0104 
.0182 
.0182 

.0186 
.0178 
.0136 

.0147 

.0160 

.0042 

.0012 

.0010 
.0012; 
.0010 
.0030 
.0026, 
.0048 

.0064 
.0042 
.0046 

.0031 

.0025 

.0050 

.0070 

.0080 
.0080 
.0050 
.0070 
.0030 
.0000 

.0020 
.0070 
.0120 

.0058 

.0072 

.0000 

1 

.0000 

.0002 

.0001 1 

.OOOli 

.0001 

.0000 

.0000 

.00011 
.0002 
.0001 

.0001 

.0001 

.44 

.42 

.42 
'.29 
.38 
.26 
.83 
.41 

.44 
.62 
.57 

1.6 

1.4 

0.9 
1.5 
1.7 
1.0 
1.8 
1.7 

1.8 
1.0 
2.1 

Av... 

1806 

4.60 

1.54 

.41 
.50 

1.7 

^V.o 

1806 

6.26 

1.80 

1.0 

Note  to  analyses  of  1896:  Odor,  generally  faintly  vegeuble,  often  also  mouldy,  becoming  stronger 
on  hefttiog. — The  samples  were  collected  from  the  reservoir. 
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IPSWTCH. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Ipswich 

Water  Works, 

[Number  of  organlimB  per  cable  ceDtimeter.] 


1806. 


Jan. 


Mar. 


Apr. 


May.  June. 


July. 


Aug.  Sept. 


Oct. 


Not. 


Dec. 


Day  of  examination 

Number  of  aarople 

PLANTS. 
DiatomaceeB, 

Melosira,      ...... 

Bynedra, 

AlfiTSB 

Ohiorococcua, 

Protococcus,        .       .       .       .        . 

Raphidlnm, 

Bcenedesmus,      .        .        .        .        . 

Staurastrum, 

Staurogenla,        .       •       .       . 

ANIMALS. 
Infusoria,     •      .      .      .      . 

DinobryoD, 

Peridlnium, 

Trachelomonas,  .       .       .       .       . 

CruBtaceai  Dapboia,  •      •      •      . 


28 
16051 


25 

16312 


80 
16406 


26 
16668 


24 
16874 


28 
17061 


26 
17274 


23 
17540 


81 
17766 


25 
17056 


22 
18150 


3 

8 
0 


0 
0 
1 
0 
0 
0 


0 
1 


0 
0 
0 
0 
0 
0 


24 

0 
24 


0 
0 
0 
0 
0 
0 


0 
1 


0 
0 
4 

0 
0 
0 


0 
2 


0 
0 
0 
0 

1 

0 


0 
2 


0 
0 
0 
0 
0 
0 


6 

6 
1 


0 
1 
0 
0 
0 
4 


4 
0 


16 

7 
1 
0 
0 
0 
8 


22 

0 
22 


24 

0 
0 
6 
2 
0 
16 


24 

0 
24 


80 

0 
12 
4 
4 
0 
40 


8 

0 
3 


50 

0 
0 
6 
1 
44 
0 


8 

0 

4 

0 

0 

0 

1 

0 

14 

246 

8 
0 
0 

0 
0 
0 

2 
2 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

1 

0 
0 
0 

12 
0 
2 

244 
0 
2 

0 

0 

0 

0 

0 

.02 

0 

.02 

0 

0 

11 

0 
2 
0 


Miscellaneous  f  Zo'dgloaa, .... 

0 

0 

0 

0 

0 

0 

«o 

15 

0 

5 

80 

Total, 

7 

1 

28 

5 

3 

2 

32 

35 

60 

835     144 
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IPSWICH. 


Chemical  Examination  of  Waier  from  Bull  Brooke  Ipswich, 

[PftrtB  per  100,000.] 


• 

e 
o 

d 
o 

Appearamcx. 

Ursiduk  ok 
Evapora- 
tion. 

Akmonia. 

• 

•c 

xi 
.61 

NITROOEK 
AS 

i 
i 

3 

m 

a 
p 

1 

• 

1 

1 

• 

1 

1 

Loss  on 
Ignition. 

h 

Albuminoid. 

• 

1 
1 

• 

1 

s 

s 

H 

t 
s 

Sus- 
pended. 

• 

m 
G 

16117 

1896. 

Feb.  24 

Slight. 

Slight. 

1.00 

5.60 

2.00 

.0016 

.0194 

.0178 

.0016 

.0140 

.0000 

0.86 

1.8 

16310  Mar.  28 

V.  alight. 

Slight. 

1.10 

4.85 

1.95 

.0000 

.0180 

.0166 

.0014 

.53 

.0070 

.0000 

0.94 

1.8 

16497|Apr.28 

None. 

V.  slight. 

1.90 

5.80 

2.75 

.0012 

.0270 

.0254 

.0016 

.61 

.0070 

.0002 

1.34 

1.8 

16666 

May  25; 

Slight. 

Slight. 

1.30 

1 

6.50 

2.45 

.0006 

.0156 

.0148 

.0008 

.69 

.0050 

.0001 

0.78 

2.6 

16872 

Jane  22 

V.  slight. 

V.  slight. 

1.80, 

7.35 

2.50 

.0014 

.0182 

.0172 

.0010 

.70 

.0080 

.0001 

1.22 

2.6 

17062 

July  27 

V.  slight. 

Blight. 

0.37 

6.86 

1.60 

.0002 

.0170 

.0128 

.0042 

.80 

.0070 

.0001 

0.39 

3.2 

17272 

Aag.24 

Slight. 

Slight. 

0.33 

6.55 

1.40 

.0018 

.0108 

.0082 

.0026 

.77 

.0080 

.0000 

0.27 

3.0 

17638 

Sept.  22 

None. 

V.  slight. 

2.00 

11.15 

6.50 

.0034 

.0622 

.0606 

.0016 

.87 

.0030 

.0000 

4.03 

2.6 

17754 

Oct.  30 

V.  slight. 

Slight. 

1.80' 

8.40 

4.45 

.0002 

.0390 

.0322 

.0068 

.94 

.0030 

.0000 

1.92 

2.5 

17963 

Nov.  24 

None. 

Slight. 

1.30 

7.70 

3.30 

.0002 

.0304 

.0284 

.0020 

.80 

.0100 

.0000 

1.42 

2.5 

18157 

Dec.  21 

V.  slight. 

Slight. 

0.65 

1 
1 

1.23 

1 

5.80 

1.86 

i. 

.0008 
.0010 

.0196 
.0252 

.0162 
.0227 

.0034 
.0025 

.78 
.74 

.0100 
.0075 

.0001 
.0001 

0.94 

2.1 

Av. 

6.96 

2.80  i 

1 

1.28 

2.4 

Odor  of  the  fourth  sample,  none ;  of  the  others,  generally  distinctly  vegetable,  sometiines  mouldy,  be- 

eomiog  stronger  on  heating. The  samples  were  collected  from  the  brook,  near  its  Junction  with 

Dow'b  Brook,  below  the  storage  reservoir  of  the  Ipswich  water  works.    This  brook  is  not  used  as  a 
aouroe  of  water  supply. 

Microscopical  Examination. 

The  average  namber  of  organisms  per  cubic  centimeter  found  in  these  samples  was  255. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Ipswich 

Water  Works. 

[Parts  per  100,000.] 


• 

§ 
1 

§ 

o 

Affbabanob. 

Residcr  ok 

EVAPnRA- 
TlOJf. 

Ammonia. 

• 

e 

NiTIOOBN 
AS 

i 

s 

9 
m 

e 

6 

i 

s 

J 

c 

• 

a 

• 

§1 

Albuminoid. 

• 

1 

1 

1 

^ 

•2 

1 

a 
a 

a 
e 

S 

• 

^ 

& 

i 

5 

S 

1  c 

o 

i 

ii 

>» 

5 

a 

« 

9 

A 

o 

o 

a 

o 

i3 

0  O. 

x: 

M 

SQ 

O 

H 

(2 

o 

H 

b< 

H 

Q 

00 

^.i' 

% 

^ 

o 

U 

1896. 

17718 

Oct.  26 

Slight. 

Slight. 

.10 

6.80 

1.80 

.0000 

.0180 

.0174 

.0006 

.75 

.0050 

.0000 

.29 

2.1 

Odor,  faintly  vegetable.  —- The  sample  was  collected  from  the  distributing  reservoir  on  Town  Hill. 

Microscopical  Examination. 

No.  17718.    Dtatomacen.  Synedra,  4.  Alg»,  Oosmariumt  1;  Protococcut,  1;  Baphidiumt  2;  Stau* 
rogenia,  15.    Infusoria,  IHnobryon,  11.    Total,  34. 
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IPSWICH. 

Chemical  Examination  of  Water  from  Faucets  supplied  from  the  Ipswich  Water 

Works. 

[PftrU  per  100,000.] 


C3 

1 

Appkaraxoi. 

Rbsiodi  on 

EVAPOSA* 
TIOW. 

Ammomia. 

MiTROOEK 
AS 

i 

a 

a 
m 
a 

a 

e 

1 

O 

• 

a 

Albuminoid. 

1 

t 

1 

s 

1 

a 

H 

r 

1 

t 

i 

o 

s 

a 

Sus- 
pended. 

• 

B 

1 

O 

• 

1 

i 

5 

• 

1 

n 

18INI. 

% 

17719 

Oct.  26 , 

V.illgbt. 

V.  slight. 

.12 

,  6.20 

1.18 

.0002 

.0160 

.0188 

.0022 

.72 

.0020 

.0000 

.10 

2.2 

17720 

Oct.  20 

V.  •light. 

V.  slight. 

.10 

6.80 

1.16 

.0004 

.0106 

.0166 

.0030 

.73 

.0060 

.0000'  .28 

1 

2.1 

Odor,  faintly  vegetable. The  samples  were  collected  from  faucets  in  the  town. 

Microscopical  Examination. 

Ko.  17710.    Diatomaeeas;  Synedra^  4.    Algao,  Protococeua,  6.    Total,  0. 

No.  17720.  DiatomacesB,  CyclotelUit  2;  SynedrOf  0.  Algn,  iVofoooccM,  6;  Scetisdetmua,  1;  Stau- 
rogenia,  8;  Tracheiomonai,  1.    Total,  20. 

Water  Supply  or  Kingston. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Kingston, 
relative  to  securing  an  additional  supply  of  water  from  the  ground  in 
the  valley  of  Furnace  Brook  in  that  town,  may  be  found  on  pages 
21  to  23  of  this  volume. 

Chemical  Examination  of  Water  from  Faucets  supplied  from  the  Kingston  Water 

Works. 

[Parte  per  100,000.] 


I 


§ 


-o5 


16947 
16276 
16600 
16611 
17587 
17867 


Ay.* 


1896. 

Jan.  26 
Mar.  17 
May  13 
May  18 
Oct.  6 
Nov.  16 


Appbasancb. 


b 

•: 

H 

1 

1 

None. 
None, 
v.  slight. 
V.  »llght. 
v.  slight. 
Slight, 
milky. 


V.  slight 
None, 
v.  slight, 
v.  slight. 
V  slight. 
Slight, 
rusty. 


.13 

.08 
.08 
.33 
.12 
.20 


.16 


I 
§1 


I 


4.60 
6.10 
4.00 
4.60 
6.60 
6.60 


6.09 


Ammonia. 


ii 


.0010 

.0016 

.0008 

.0026 

.0084 

.0024 

.0002 

.0076 

.0048 

.0024 

.00'J8 

.0062 

.0018 

.0036 

I 

g 


.81 

.83 

.88 
.78 
.85 
.90 


.84 


NlTaOGBN 
AS 


5 


i 

s 


.0500 
.0420 
.0600 
.0340 
.0500 


.0300  .0000 


.0438 


.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


I' 


s 

a 


n 


.12 
.12 
.06 
.86 
.21 
.82 


.19 


1.6 
1.6 
1.3 
1.3 
1.4 
1.8 


1.6 


.0240 
.0170 
.0200 

.0020 
.0800 


.0818 


*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Odor  of  the  first  three  and  last  samples,  none:  of  the  fourth,  very  faintly  vegetable,  becoming 

stronger  on  heating;  of  the  fifth,  none,  becoming  faintly  earthv  on  heating  The  last  sample  was 

collected  from  a  faucet  in  the  town ;  the  others,  from  a  faucet  at  the  pumping  station. 


Microscopical  Examination. 

The  total  nnrober  of  organisms  per  cubic  centimeter  fonnd  In  these  samples  was  as  follows :  No. 
16947,  20-  No.  16276.  782;  No.  16600,  2,500;  No.  16611, 1,260;  No.  17587,  4,000;  No.  17867,  960;  conslsUng 
chiefly  01  Crerwthrix, 
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KINGSTON, 

Chemical  Examination  of  Water  from  Pine  and  Howard  Brooks  in  Kingston, 

[Parte  per  100,000.] 


I 


1T187 
17188 


e 


& 


1896. 

Aug  20 
Aug.  5 


Appearaxcb. 


DifltlDct. 
V.  •light. 


I 


Cooi. 
Slight. 


0.05 
1.60 


Rbsiude  on 
Evapora- 
tion. 


I 


g 


I 


4.25 
5.00 


1.80 
2.70 


AUMOXIA. 


Albuminoid. 


r 


09 


.0010 
,0010 


.0108 
.0274 


.0184 
.0228 


.0014 
.0046 


6 

c 


.77 
.84 


KlTROOBX 

AS 


.0020 
.0080 


.0001 
.0000 


0.66 
1.25 


0.2 
0.2 


Odor  of  the  first  ■ample,  faintly  vegetable;  of  the  Moond,  faiotly  vegetable,  becoming  distinctly  an- 

{>leasant  on  heating. The  first  sample  was  eoUeeted  from  Pine  Brook,  at  the  first  road  crosslnir  above 
M  junction  with  Howard  Brook;  the  last,  from  Howard  Brook,  at  the  first  road  crossing  above  its  Junc- 
tion with  line  Brook,  and  Jnst  below  a  small  mill-pond.  The  samples  were  collected  In  connection  with 
ao  tnveetlgatloD  for  an 'additional  water  supply  for  Brockton. 

Microscopical  Examination, 

The  total  onmber  of  organisms  per  cable  centimeter  found  in  each  of  these  samples  was  as  follows : 
No.  17187, 128;  No.  17188, 148. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  the  Valley  of  Fur- 
nace Brook,  Kingston, 

[Parts  per  100,000.] 


is 

i 


o 

I 


o 


appeabakob. 


Ammonia. 


a 


I 


KlTHOGBN 
AS 


8 


10507 
10608 
105M 
10008 

16721 
10786 
10771 
10772 
10778 


1896. 

May  18 

May  18 

May  18 

Jone  1 

Jane  8 

Jane   5 

Jane  11 

Jane  11 

Jane  11 

Kone. 
None. 
None. 
None. 

None. 
None. 
None. 


None. 

.00 

4.20 

.0000 

.0014 

.80 

.0090 

.0000 

.00 

1.8 

None. 

.00 

4.00 

.0002 

.0020 

.76 

.0030 

.0000 

.00 

1.4 

None. 

.00 

8.90 

.0000 

.0006 

.08 

.0030 

.0000 

.00 

1.4 

Cons., 

.00 

4.70 

.0002 

.0002 

.71 

.0080 

.0000 

.01 

0.0 

sandy. 

None. 

.00 

4.20 

.0000 

.0004 

.71 

.0030 

.0000 

.02 

1.8 

None. 

.00 

4.00 

.0000 

.0004 

.72 

.0030 

.0000 

.04 

1.0 

None. 

.00 

4.00 

.0000 

.0014 

.00 

.0050 

.0000 

.06 

1.2 

. 

.00 

. 

. 

. 

. 

. 

. 

. 

0.8 

— 

.00 

• 

• 

— 

• 

- 

— 

- 

1.0 

.0010 
.0010 
.0010 
.0010 

.0020 

.oouo 

.0010 
.0040 
.0010 


Odor,  none. The  first  three  samples  were  collected  from  individual  wells  in  a  group  of  seven  wells 

In  the  valley  of  Furnace  Brook,  below  the  dam  of  Magiathlin's  tack  factory.  No.  16600  was  collected 
from  the  well  nearest  the  dam,  and  No.  16608  from  the  well  farthest  down  the  stream.  Samples  Nos. 
10003, 10721, 16785  and  16771  were  collected  during  a  pumping  test  made  by  pumping  from  three  wells 
about  000  feet  below  the  tack  factory,  at  a  rate  said  to  be  equivalent  to  245,000  gallons  per  day.  The  first 
of  these  samples  was  collected  on  the  first  day  of  the  test,  about  two  hours  after  pumping  began;  the 
aeoond,  after  pumping  thirty -nine  hours  contlnuoosly ;  the  third,  after  pumping  continuously  for  four 
days;  and  the  last,  after  pumping  ten  days.  Sample  No.  10772  was  collected  from  a  test  well  near  the 
group  of  wells  connected  with  the  pumps.  Just  after  pumping  was  discontinued ;  and  sample  No.  16778 
was  collected  from  a  test  well  about  800  feet  below  the  tack  factory  dam,  Just  after  the  pumping  teat 
from  the  wells  farther  down  the  valley  had  been  discontinued. 

Microscopical  Examination. 

An  Insignificant  namber  of  organisms  was  found  in  No.  16721 ;  no  organisms  were  foand  In  the  remain* 
tog  samples. 


Water  Supply  op  Lanoastek. 

(See  Clinton,) 
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liAWRENCE. 

Water  Supply  op  Lawrence. 

The  following  tables  contain  analyses  of  the  unfiltered  Merrimack 
River  water,  and  of  the  filtered  water  at  the  pumping  station  and  at 
the  distributing  reservoir.  The  results  of  more  extended  chemical 
and  biological  examinations  of  the  water  before  and  after  filtration 
through  the  sand  filter  may  b^  found  in  a  subsequent  portion  of  this 
report,  in  the  chapter  on  **  Filtration  of  Water." 


Chemical  Examination  of  Water  from  the  Merrimack  Biver  above  Lawrence, 

opposite  the  Intake  of  the  Lawrence  Water  Works, 

[ParU  per  100,000.] 


§ 

o 
« 

▲ppbaramob. 

Kbsidub  dm 

EVAPOHA- 
TION. 

Ammoitia. 

c 

NiTBOOBM 
AS 

Oxygen  Consumed.    1 

2 

a 
H 

a 

0) 

1 

• 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

m 

at 

1 

• 
> 

o 

,   6 

GO 

i 

9 
C 

m 

n 

1896. 

IfiOSl 

Jan.  22 

Distinct. 

Cons. 

.33 

4.15 

1.65 

.0042  .0156 

.0184 

.0022 

.20 

.0120 

.0001 

.47 

1.4 

16100 

Feb.  19 

Distinct, 
milky. 

Slight. 

.40 

4.60 

1.50 

.0008 

.0200 

.0142  .0058 

.20 

.0150 

.0001 

.52 

1.1 

16284 

Mar.  18 

Distinct, 

clayey. 

Decided. 

Slight. 

.40 

8.06 

1.10 

.0014 

.0142 

.0120  .0016 

.15 

.0120 

.0001 

.42 

1.0 

16409 

Apr.  22 

Cons., 

.88 

2.85 

0.85 

.0010 

.0152 

.0132 

.0020 

.18 

.0070 

.0000 

.60 

0.0 

earthy. 

16645 

May  20 

Slight. 

Cons. 

.32 

8.75 

1.40 

.0050 

.0204 

.0172 

.0082 

.28 

.0070 

.0004 

.46 

1.4 

16820 

Junel7 

Distinct. 

Cons. 

.50 

8.70 

0.05 

.0086 

.0200 

.0172 

.0028: 

.14 

.0060 

.0003 

.58 

1.0 

17041 

July  22 

Distinct. 

Cons. 

.25 

4.00 

1.50 

.0170 

.0226 

.0166 

.00601 

.36 

1.0050 

.00121 

.88 

1.2 

17240 

Aug.  19 

Distinct. 

Cons. 

.25 

8.05 

1.85 

.0182 

.0212 

.0168 

.0044 

.28 

.0070 

.0005 

.37 

1.8 

17483 

Sept.  16 

Distioot. 

Cons. 

.60 

4.70 

2.15 

.0184 

.0224 

.0188 

.0036 

.28 

.0100 

.0005 

.65 

1.4 

17605 

Oct.  21 

Distinct. 

Cons. 

.70 

4.70 

2.10 

.0066 

.0252 

.0230 

.0022 

.24 

.0050 

.0005 

.02 

1.4 

17802 

Nov.  18 

Slight. 

Slight. 

.48 

4.40 

2.15 

.0014 

.0228 

.0162 

.0066 

.28 

.0070 

.0002  .57 

1.6 

18141 

Dec.  16 

Distinct, 
clayey. 

Cons. 

.40 

4.40 

1.65 

.0002 

.0444 

.0308 

.0046 

.40 

.0120 

1 

! 

.0003 

.68 

1.3 

Averages  by  Years, 


m 

1887* 

. 

.47 

4.82 

1.34 

.0027 

.0211 

.22 

1 
.0097 

. 

1888 

• 

• 

.30 

8.68 

1.08 

.0026 

.0180 

. 

. 

.18 

.0094 

.0002 

. 

• 

• 

1880 

. 

• 

.30 

S.OOf 

0.87t 

.0080 

.0176 

.0144 

.0032 

.17 

.0072 

.0003 

• 

• 

mt 

1800 

• 

« 

.38 

4.10t 

1.48t 

.0046 

.0166 

.0132 

.0034 

.17 

.0089'.  0001 

• 

1.6f 

• 

1891 

. 

• 

.27 

8.79 

1.32 

.0040 

.0152 

.0121 

.0031 

.18 

,.0110 

.0001 

• 

1.3 

. 

1802 

• 

. 

.43 

4.12 

1.47 

.0042 

.0181 

.0152 

.0029 

.18 

*.0105 

.0001 

_ 

1.4 

• 

1893 

• 

• 

.42 

8.86 

1.48 

.0057 

.0181 

.0141 

.0040 

.20 

.0081 

.0002 

.58   1.1 

«, 

1894 

. 

mm 

.37 

8.70 

1.80 

.0062 

.0167 

.0141 

.0026 

.23 

.0063 

.0001 

.44 

1.2 

• 

1895 

» 

.> 

.51 

4.84 

1.75 

.0064 

.0249 

.0185 

.0064 

.28 

,.0071 

.0002 

.59 

1.4 

• 

1896 

• 

• 

.42 

8.98 

1.52 

.0068 

.0220 

.0183 

.0037 

.24 

,.0087 

.0003 

.58 

1.2 

*  June  to  NoTember.       f  January  to  May.       %  August  to  December.       $  July  to  December. 


NoTB  to  analyses  of  1896 :  Odor,  vegetable  or  musty.  —-The  samples  were  collected  from  the  river, 
opposite  the  Intake  of  the  Lawrence  water  works,  about  1  foot  beneath  the  surface.  For  a  record  of 
the  quantity  of  water  flowing  In  the  river  on  datea  when  samples  of  water  were  collected  for  analysis, 
see  page  194.  For  a  comparison  of  the  analyses  of  the  river  water  at  Lowell  and  Lawrence  for  a  aerlee 
of  years,  seo  '*  Merrimack  River,"  in  the  chapter  on  **  Bzamloatlon  of  Elvers.' 


I* 
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liATVUENCE. 

Microscopicdl  Examination  of  Water  from  the  Merrimack  River  above  Lawrence, 

opposite  the  Intake  of  the  Lawrence  Water  Works, 

[Number  of  organliini  per  cable  centimeter.] 


1806. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Day  of  examlnatloD, 

28 

20 

10 

24 

22 

18 

28 

20 

17 

23 

10 

17 

Namber  of  sample,  .... 

1M31 

16100 

16284 

16460 

16646 

16820 

17041 

17240 

17488  17605 

17802 

18141 

PLANTS. 

DiatomaoeeD,    .      . 

1 

5 

11 

12 

187 

186 

228 

82 

48 

10 

5 

7 

Aateriooella,      .... 

Blatoma, 

Fragllarla, 

Meloslra,    ..... 

Navicala, 

PlDDularla,        .... 

Byoedra, 

Tabellarla,         .... 

0 
0 
0 
0 
0 
0 

1 

0 

4 

0 
0 
0 
0 
0 

1 

0 

0 
0 
0 
0 
2 
0 
8 
6 

0 
0 
0 
6 
0 
0 
6 
1 

10 
0 
0 
0 
1 
0 
112 

U 

12 
0 
0 
0 
8 
0 
156 
16 

60 
8 
12 
40 
16 
16 
76 
0 

24 
0 
4 
0 
0 
2 

44 
8 

1 
0 
1 
0 
2 
0 
80 
0 

0 
0 
0 
0 
4 
0 
6 
0 

0 
0 
0 
0 
2 
0 
8 
0 

0 
0 
0 
0 
2 
0 
5 
0 

Oyanopbyoeee,  MlcrocyetU,  . 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

Alffa 

0 

0 

0 

0 

2 

27 

96 

56 

4 

0 

0 

0 

Pedlaetmm 

Protoeoccae,      .... 
Raphldlam,       .... 
Bcenedesmae,    .... 
Beleoaetram,      .... 
Buorogeola,      .... 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
2 
0 
0 
0 
0 

1 
26 
0 
0 
0 
0 

4 

28 
16 
16 
82 
0 

4 
24 

0 

4 
16 

8 

0 
2 
1 
1 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Funsri* 

0 

0 

0 

0 

0 

7 

0 

0 

2 

0 

0 

40 

Orenotbrlx,        .... 
Leptothrix,        .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

7 
0 

0 
0 

0 
0 

0 
2 

0 
0 

0 
0 

0 
40 

ANIMADS. 

Bhlzopoda,  Actloophrye, . 

0 

0 

0 

0 

2 

1 

0 

0 

8 

0 

0 

0 

InftiBoiia, 

2 

0 

1 

0 

4 

4 

8 

2 

6 

2 

1 

0 

Ciliated  iDfnaorian,  . 
Cryptomonaa,    .... 
Dloobryon,        .... 
Monaa,       ..... 
Peridlolom,       .... 

0 
0 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

0 
0 
0 
0 
0 

0 
2 
0 
2 
0 

0 
0 
8 
1 
0 

0 
0 
0 
8 
0 

0 
0 
2 
0 
0 

2 
1 

1 
1 
1 

0 
0 
0 
2 
0 

0 
0 
0 

1 

0 

0 
0 
0 
0 
0 

Vermes,  Annrea, 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

Orustaoea,  Daphnla, 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

MUuUaneo%i9t  ZoSglcea, 

80 

0 

5 

0 

120 

100 

800 

200 

120 

100 

40 

60 

Total, 

88 

6 

17 

12 

266 

826 

666 

842 

178 

112 

46 

107 
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liAWRENCE. 

Chemical  Examinaiton  of  Water  from  the  Force  Main  at  the  Pumping  Station  of 

the  Lawrence  Water  Works, 


[Parts 

1  per  100,000.' 

I 

• 

Appiarakoi. 

llKSIDUB  ON 

Evapora- 

AmcuyiA. 

NiTROOBN 
AS 

1 

o 

tion. 

6 

D 

a 
» 

i 

• 

u 
O 

• 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

• 

« 

Q 

_c 

"a 

Si 

• 

1 

• 

1 

a 

1 

1 

1 

Sus- 
pended. 

• 

i 

a 

1806. 

1693» 

Jan.  22 

Decided. 

OODS., 

rusty. 

.32 

6.66 

1.86 

.0260 

.0116 

.0070 

.0046 

.81 

.0670 

.0001 

.26 

S.9 

16101 

Feb.  19 

None. 

V.  slight. 

.40 

4.26 

1.20 

.0048 

.0092 

• 

.0080 

.0012 

.20 

1 

.0200 

.0000 

.43 

1.1 

10286 

Mar.  18 

Distinct, 
clayey. 

Slight. 

.43 

6.20 

1.40 

.0190 

.0008 

.0062 

.0006 

!.25 

.0280 

.0001 

.84 

2.3 

16470 

Apr.  22 

Slight. 

Slight. 

.3ft 

2.80 

1.00 

.0070 

.0088 

.0072 

.0016 

.13 

.0200 

.0000 

.88 

1.3 

16646 

May  20 

Distinct, 
milky. 

Blight. 

.40 

6.60 

1.40 

.0102 

.0076 

.0068 

.0008 

.29 

.0420 

.0004 

'.21 

1 

2.6 

16821 

June  17 

Distinct, 
milky. 

Slight. 

.8ft 

6.86 

2.20 

.0074 

.0096 

.0076 

.0020 

.18 

.0480 

.0000 

.JO 

2.6 

17042 

July  22 

Distinct, 
milky. 

V.iUght. 

.26 

6.40 

1.66 

1 

.0072 

.0092 

.0064 

.0028 

.24 

.0300 

.0011 

•" 

2.8 

17250 

Aug.l9 

Distinct. 

Slight, 
rusty. 

.18 

4.46 

1.40 

.0020 

.0076 

.0056 

.0020 

.28 

.0160 

.0001 

,.24 

2.0 

17484 

Sept.16 

Decided, 
milky 

Slight, 
rusty. 

.20 

6.96 

1.86 

.0180 

.0104 

.0074 

.0030 

.33 

.0300 

.0007 

.24 

8.6 

17696 

Oct.  21 

Distinct, 
milky. 

Blight, 
rusty. 

.73 

1 

6.76 

2.16 

.0172 

.0122 

.0110 

.0012 

.28 

1     . 

.0300 

.0016 

.63 

8.4 

17893 

Nov.18 

V.  slight. 

V.  slight. 

.76 

6.96 

2.S6 

.0220 

.0130 

.0104 

.0026 

'.29 

.0400 

.0003 

.89 

8.0 

18142 

Dec.  16 

None. 

V.  slight. 

.43 

4.86 

1.40 

.0090 

.0182 

.0118 

.0014 

.26 

.0180 

1 

.0001 

.47 

1 

1.9 

Averages  by  Years, 


- 

1894 

- 

- 

.39 

6.10 

1.41 

.0108 

.0094 

.0081 

.0013 

.30 

.0309 

.0002 

.29 

2.8 

- 

1896 

- 

- 

.60 

6.96 

1.70 

.0146 

.0108 

.0094 

.0014 

.81 

.0274 

.0001 

.36 

2.7 

- 

1896 

- 

- 

.40 

6.48 

1.64 

.0121 

.0099 

.0079 

.0020 

.26 

.0319 

.0004 

.32 

2.4 

Note  to  analyses  of  1896:  Odor,  generally  vegetable  or  earthy,  oooaslonally  none.— The  samplea 
were  collected  from  a  faucet  in  the  check«valve,  Just  beyond  the  pump,  and  represent  water  from  the 
river  which  has  passed  through  the  sand  filter,  mlggled  with  a  small  amount  of  ground  water,  contaiotng 
considerable  free  ammonia  and  iron. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  as  follows :  No* 
16983, 1,600;  No.  16101, 10;  No.  16286,  66;  No  16470,  66;  No.  10646,  824;  No.  16821, 120;  No.  17043,  800; 
No.  17250,  80;  No.  17484,  700;  No.  17696,  60;  No.  17893, 800;  No.  18142,  10;  consisUng  chiefly  of  OrenO' 
thrix. 
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liA  WHENCE. 

Chemical  ExamincUion  of  Water  from  the  Distributing  Reservoir  of  the  Laiorence 

Water  Works. 


[Parts 

per  100,000.] 

• 

1 
i 

I 

Appbabavos. 

BaaiDCK  ON 
Byapoba- 

TtOM. 

Ammonia. 

• 

1 

.28 

NiTIOOBN 
AS 

• 

t 

• 

1 

e 

1 

o 

•e 

«i 

• 

• 

3 

• 

1 

1 

i 

Albominoid. 

• 

i 

• 

s 

_• 

'K 

i 

1 

So. 

00 

• 

i 

e 

15032 

1896. 

Jan.  22 

None. 

V.ilight. 

.38 

1 

4.65 

1.80 

.0046 

.0122 

.0114 

.0008 

.0260 

.0000 

.43 

1.6 

16102 

Feb.  10 

V.  slight. 

None. 

.35 

4.56 

1.85 

.0066 

.0138 

.0008 

.0040 

.23 

.0280 

.0000 

.86 

1.8 

10285 
10471 

Mar.  18 
Apr.  22 

SUght, 

eUyey. 
Slight. 

SUght. 
SUght. 

.80 
.28 

4.10 
3.46 

1.45 
1.10 

.0064 
.0040 

.0188 
.0080 

.0102 
.0068 

.0086 
.0012 

.10 
.16 

.0250 
.0280 

.0000 
.0000 

.32 
.80 

1.7 
0.8 

10047 

108SS 

M»y20 
Jane  17 

V.iUght, 
milky. 
Slight. 

Slight. 
SUght. 

.26 
.26 

4.15 
4.30 

1.10 
1.56 

.0020 
.0014 

.0086 
.0002 

.0072 
.0076 

.0014 
.0017 

.10 
.22 

.0280 
.0280 

.0001 
.0000 

.26 
.28 

1.8 
1.0 

17048 

Jaly22 

V.iUght. 

V.  eUght. 

.18 

4.00 

1.30 

.0010 

.0104 

.0076 

.0028 

.82 

.0280 

.0002 

.17 

1  0 

17251 

Aiig.ie 

Diitlnet. 

SUght. 

.16 

4.56 

1.85 

.0020 

.0106 

.0076 

.0080 

.80 

.0250 

.0001 

.24 

•2.1 

17486 

8ept.l6 

SUght. 

SUght. 

.18 

4.06 

1.70 

.0014 

.0074 

.0064 

.0010 

.29 

.0200 

.0001 

.10 

2.1 

17607 

Oct.  21 

V.aUght. 

Slight. 

.32 

5.20 

1.06 

.0086 

.0112 

.0008 

.0014 

.27 

.0280 

.0008 

.86 

2.7 

17804 

Nov.  18 

None. 

V.  slight. 

.40 

5.15 

2.26 

.0034 

.0186 

.0114 

.0022 

.28 

.0280 

.0003 

.40 

2.3 

18148 

Dec  10 

V.iUght. 

V.iUght. 

.40 

4.86 

1.80 

.0064 
.0036 

.0112 
.0118 

.0082 
.0087 

.0080 
.0020 

.24 
.24 

.0260 
.0250 

.0001 
.0001 

.45 
.32 

2.1 

.20 

4.62 

1.48 

1.0 

Odor  of  the  last  three  samples,  none;  of  the  others,  vegetable  and  earthy,  occasionally  moaldy, 
becoming  somewhat  stronger  on  heating.— The  samples  were  collected  from  a  faacet  at  the  gate, 
honse,  and  represent  water  flowing  oat  of  the  reservoir.    The  reservoir  is  supplied  with  filtered  water. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Law- 
rence Water  Works, 


[Number  of  organisms  per  cabie  centimeter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


Jaly. 


Ang. 


Sept 


Oct. 


Nov. 


Dec 


Day  of  examination, 
Number  of  sample, . 


28 

15032 


20 
16102 


10 
10285 


24 

16471 


22 
10647 


18 
16822 


23 
17043 


21 
17251 


17 
17485 


23 
17607 


10 
17804 


18 
18148 


PLANTS. 


AlffODt 


Protococcus, 
Raphidlum, 


Fonffi, 


Crenothrix, 
Leptothriz, 


0 

0 

t 

2 

0 

44 

156 

8 

2 

0 

1 
0 

0 

0 

0 

2 

0 

83 

156 

8 

2 

0 

0 

0 

0 

2 

0 

0 

11 

0 

0 

0 

0 

0 

0 

800 

1,884 

0 

0 

0 

0 

0 

to 

120 

to 

0 

0 

1,884 

0 

0 

0 

0 

0 

20 

120 

20 

0 

000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 


10 

10 
0 
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liAWBENCE. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Law- 
rence Water  Works — Concluded. 

[Number  of  organltms  per  cubic  centiiiieter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. '  May. 


June. 


July. 


Aug, 


Sept 


Oct. 


Nov.  Dec 


ANIMALS. 

InftiBorla 

Dioobryon,        .       .       .       . 

Mooae, 

Paramnciam,    .       .       .       . 

Omstacea 

Bosmlna, 

Cyclops, 


1  1 

0 

4 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 
2 
2 

0 
0 
0 

8 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 

0 

.  0 

0 

0 

.04 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

.02 
.02 

0 
0 

0 

0 

0 
0 

0 
0 
0 


0 
0 


Miicellanecu$,  ZoiJgloea, 

0 

5 

3 

60 

0 

10 

0 

0 

0 

0 

0 

0 

Total, 

0 

909 

1,389 

65 

0 

54 

156 

8 

22  1  120 

20 

10 

Volume  of  Water  flowing  in  the  Merrimack  River  at  Lawrence  on  the  Dates  when 

Samples  of  Water  were  collected  for  Analysis, 


Datk. 


volumk  plowing  in  the 

Mrrsimacs  Kivbb,  in 
Cubic  Fbkt  peb  Second. 


Rate  of 
Flow  during 

Eleven 

Hours  of  the 

Day. 


Rate  of 
Flow  during 

Twenty- 
four  Hours. 


Date. 


1806 

• 

Jan. 

22,. 

Feb. 

19,. 

March  18,  . 

April 

22,. 

May 

20,. 

June 

17,.        . 

5,480 
9,070 
11,800 
22,680 
4,010 
5,820 


8,820 
7,140 
9,720 
20,900 
2,880 
3,750 


1806  — Cod. 
July  22,  . 

Aug.  19, . 

Sept.  16, . 

Oct.    21,  . 

Nov.  18,  . 

Dec.  16,  . 


voldmb  plowmo  ik  the 

Merrimack  Rivek,  ik 
Cubic  Feet  peb  Secokd. 


Rate  of 
Flow  during 

Eleven 

Hours  of  the 

Day. 


Rate  of 
Flow  during 

Twenty- 
four  Houra. 


8,097 
8,260 
5,063 
6,884 
6,766 
6,481 


2,on 

1,990 

3.444^ 

6,886 

4,8*0 

4,788 
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Iii:iC£STBB. 

Water  Supply  of  Leicester  Water  Supply  District, 

Leicester. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 

District, 


[ParU  per  100,000.] 

Date  of 

Collection. 

Appiabavoi. 

Residue  on 
Evaporation. 

Ammonia.    • 

6 

a 
•c 

o 

NiTROOKM 
AS 

Oxygen 

Consamed. 

Hardness. 

• 

1 

o 

• 

i 

o 

• 

a 

1 

• 

In 

Alba- 
mlnold. 

• 

1 

Nitrites. 

• 

c 

s 

1M08 

1806. 

Jan.  20 

V.aUght. 

V.aUght. 

.08 

4.70 

.0006 

.0016 

.29 

.0730 

.0000 

.07 

2.2 

.0020 

10264 

1601S 

Mar.  16 
Maj    18 

None. 

Ill 
None. 

None. 
None. 

.07 
.12 

4.00 
4.60 

.0002 

1.0000 

1 

.0030 
.0006 

.26 
.29 

.0620 
.0550 

.0000 
.0000 

.06 

1  .07 

1.8 
1.7 

.0050 
.0030 

17093 

Jnly  SO 

None. 

None. 

.00 

4.80 

.0000 

.0014 

.26 

.0830 

.0000 

1  .03 

2.0 

.0030 

17972 

Dee.    1 

None. 

None. 

.08 

1 

6.00 

1 

.0000 

.0006 

.29 

.0600 

.0000 

,  •" 

1.6 

.0070 

Averages  by  Tears, 


1892 
1893 
1894 
1895 
1896 


.10 

1 

j    6.67 

.0004 

.0041 

.28 

.0736 

.0001 

- 

2.4 

.0243 

.28 

5.25 

.0002 

.0012 

.19 

.0492 

.0008 

.16 

2.1 

.0420 

.10 

6.49 

.0001 

.0019 

.22 

.0618 

.0000 

.11 

2.5 

.0148 

.43 

5.65 

.0002 

.0091 

.21 

.0467 

.0001 

.47 

2.2 

.0087 

.06 

4.80  ! 

1 

.0002 

.0014 

.28 

.0646 

.0000 

.07 

1.9 

.0040 

NoTB  to  aoalysea  of  1896 :  Odor  of  Noa.  16618  and  17972,  vegetable  or  earthy ;  of  the  others,  none. 
-The  samples  were  eolleeted  from  a  faucet  in  the  village. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  these  samples. 
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Iii:iCESTEB. 

Chemical  ExamincUion  of  Water  from  One  of  the  Wells  of  the  Leicester  Water 

Supply  District. 

[PartH  per  100,000.] 


Date  of 

Collection. 

Appkaxanos. 

Resldae  on 
Evaporation. 

Ammonia. 

1 

NlTBOQEN 
At 

Oxygen 

Consumed. 

• 

i 

1 

a 

• 

1 

a 

i 

a 

o 
o 

1 

a 

i 
s 

• 

• 

e 
S 

ta4 

17491 

1806. 

Sept.  16 

Blight. 

Slight. 

2.00 

12.50 

.0116 

.0436 

.    .07 

.ooao 

.0001 

2.67 

5.3 

.0750 

Odor,  vegetable  or  earthy. The  sample  was  collected  from  the  south  well  in  the  Pierce  Meadow. 

Water  has  not  been  drawn  from  this  well  recently. 

Microscopical  Examination, 

An  insignificant  namber  of  organisma  was  found  in  this  sample. 

Chemical  Examination  of  Water  from  an  Underdrain  beneath  the  Sewers  at 

Leicester, 

[ParU  per  100,000.] 


I 


§ 

I 


18220 


1806. 

Deo.  81 


appbabamos. 


I 


V.  alight. 


Slight. 


.00 


17.00 


Ammonia. 


I 


.0164 


.0080 


I 


2.40 


NiTBOOEN 
AS 


^ 
S 

» 


s 

s 


.0700 


.0012 


s 


r 


o 


.05 


4.6 


.0080 


Odor,  none,  becoming  dlitincUy  earthy  on  heating.  —  The  sample  was  collected  from  the  under- 
drain in  Pine  Street. 


Water  Supply  of  Leominster. 

During  the  year  1896  the  sources  of  water  supply  of  the  town  of 
Leoniinster  were  increased  by  the  taking  of  the  water  of  Fall  Brook 
and  the  construction  of  a  storage  reservoir  upon  this  stream  in  the 
southerly  portion  of  the  town. 

The  reservoir,  when  full,  has  an  area  of  82.5  acres,  a  capacity  of 
about  386,000,000  gallons,  an  average  depth  of  14.3  feet  and  a 
maximum  depth  of  28  feet.  The  area  flowed  consisted  chiefly  of 
pasture  and  wood  land,  though  a  portion  was  under  cultivation. .  In 
the  lower  portion  of  the  valley  there  was  a  considerable  area  of 
meadow  and  swamp  land,  where  the  mud  was  found  to  extend  to  a 
considerable  depth.  The  reservoir  was  prepared  by  the  removal  of 
all  the  stumps,  soil  and  vegetable  matter  from  the  area  flowed,  with 
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liEOMINSTER. 

the  exception  of  about  19.5  acres  of  the  swamp  and  meadow  land  in 
the  lower  portion  of  the  area  where  the  mud  was  quite  deep,  which 
was  covered  with  gravel  to  a  depth  of  from  15  to  18  inches  after  the 
removal  of  the  trees  and  bushes.  Storage  in  this  reservoir  was 
begun  in  the  latter  part  of  October. 

The  watershed  of  the  reservoir  has  an  area  of  1.26  square  miles 
and  contains  a  very  small  population.  The  slopes  are  steep  and 
there  is  very  little  swamp  land  on  the  area. 


Chemical  Examination  of  Water  from  Haynes  Reservoir^  Leominster, 

[Paru  per  100,000.] 


• 

1 

■5 
1 

«• 

Q 

Appxabakck. 

Rbsiddb  on 

EVAPOBA.- 
TIOM. 

Ahmovia. 

• 

C 

•c 

o 

.17 

.17 
.12 
.17 
.16 
.18 

KITBOOKH 

AS 

1 

s 

■0 

e 

5 

a 

1 

M 

O 

• 

e 
1 

i 

• 

1 

• 

e 
o 

!1 

i 

Albaminold. 

• 

• 

5 

1 

9 

H 

> 

00 

S 

1 
& 

15952 
16299 
16670 
17064 
17528 
17963 

1806. 

Jan.  27 

Mar.  28 
May  24 
July  27! 
8ept.21 
Nov.25 

Decided, 

green. 

Decided, 

green. 

'  Decided, 

yellow. 

Decided, 

1      green. 

Decided, 

green. 

Distinct. 

Slight. 

v.  slight. 

Cons., 

yellow. 
Cons., 

green. 
Cons. 

Slight, 
green. 

.85 
.20 
.85 
.85 
.88 
.25 

2.80 
2.15 
2.20 
2.80 
2.85 
8.10 

1.45 
1.05 
1.85 
1.75 
1.50 
1.65 

.0262 
.0004 
.0020 
.0004 
.0000 
.0112 

.0318 
.0226 
.0286 
.0404 
.0486 
.0384 

.0276 
.0148 
.0182 
.0322 
.0286 
.0822 

.0042 
.0078 
.0104 
.0082 
.0200 
.0062 

.0150 
.0050 
.0060 
.0030 
.0030 
.0050 

.0001 
.0000 
.0000 
.0000 
.0001 
.0001 

.55 
.40 
.44 
.55 
.58 
.46 

0.8 
0.8 
0.5 
0.2 
0.1 
0.2 

Averages  by  Years, 


- 

1887* 

- 

- 

.58 

1 

1  8.61 

2.00 

.0040 

.0647 

• 

- 

.18 

1 
.0084 

- 

- 

- 

- 

1888 

- 

- 

.36 

2.80 

1.42 

.0023 

.0352 

- 

- 

.12 

J)075 

.0001 

- 

- 

- 

1889 

- 

- 

.26 

2.35 

0.94 

.0008 

.0400 

.0238 

.0162 

.11 

.0034 

.0001 

- 

- 

- 

1890 

- 

- 

.21 

2.86 

1.66 

1 

.0003 

.0500 

.0210 

.0290 

.11 

.0063 

.0001 

- 

0.6 

- 

1891 

- 

- 

.24 

2.80 

1.48 

.0005 

.0482 

.0231 

.0261 

.10 

.0097 

.0001 

1 

0.2 

- 

1898 

- 

- 

.32 

2.98 

1.72 

.0050 

.0462 

.0244 

.0218 

1.14 

1 

.0028 

.0001  .50 

1 

0.4 

- 

1894 

- 

- 

.28 

8.02 

1.79 

.0102 

.0347 

.0214 

.0133 

.15 

.0020 

.0001 

.46 

0.8 

- 

1895 

- 

- 

.29 

8.01 

1.57 

.0150 

.0458 

.0217 

.0241 

.18 

.0028 

.0000 

.48 

0.4 

- 

1896 

- 

.30 

,  2.57 

1.46 

.0067 

.0351 

.0256 

.0095 

|.x. 

.0062 

.0000 

.49 

0.8 

*  June  to  December. 


NoTS  to  analyses  of  1896 :  Odor,  vegetable  or  sweetish ;  in  July,  also  unpleasant.    A  sweet,  grassy 

odor  was  developed  in  most  of  the  samples  on  heating. The  samples  were  collected  from  the 

reservoir. 
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liEOMINSTEB. 

Microscopical  Examination  of  Water  from  Haynes  Reservoir^  Leominster, 

[Nnmber  of  organiims  per  cubic  centimeter.] 


PLANTS. 


Dlatomacead, 

Aeteriooella, 
Cocconeie, 
Diatoma, . 
Melosira, . 
Navlcula, 
Nitzechla, 
Bynedra,  . 
Tabellarla, 


Oyanophycead, 


Anabnna, 
Clatbrocyttlt, . 
CceloBphaeriam, 
Merlsmopedla, 
Mlcrocystli,    . 


Aigrcdi 


Botry  coccus, 

Cblorococcus, 

CoBlaatrum, 

Conferva, 

Pediastrutn, 

Protococcu*, 

Raphidlum, 

Scenedesmus, 

8elena«trum, 

Staurastrum, 

8taurogenia, 

Zoospores, 


ANIMALS. 
Bhlzopoda,  Difflugia,    . 


Infusoria, 


Dlnobryon, 
Euglena,  . 
Peridlninm,     • 
TlDtinnidium, . 
Trachelomonae, 
Uroglena, 


Vermes, 


Anurea.   . 
Polyartora, 
Rotifer,    . 


Crustacea,  Cyclope, 


Miscelianeoutt  ZoDgloea, 


1806. 

Jan. 

Mar. 

May. 

July. 

Sept. 

Not. 

Day  of  examination, 

Number  of  lample, 

28 
15952 

24 
16209 

27 
1M70 

28 
17004 

22 
17523 

27 
17963 

176 

0 
0 
0 
0 
0 
0 
176 
0 


0 
0 
0 
0 
0 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


16 

0 
0 
0 
0 
0 
0 
16 
0 


0 
0 
0 
0 
0 


60 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
60 


0 
0 
4 
0 
0 
0 


0 
0 
0 


,12 


18 

0 
0 
16 
0 
0 
0 


1 

0 
0 


1l 


40 
0 
0 
382 
0 
0 
2 
1,012 


0 
0 
0 
0 
0 


236 

0 
0 
0 
0 

24 

0 

120 

64 
0 

28 
0 
0 


204 

172 
0 
0 
4 
0 
0 
4 
24 


190 

4 

0 

184 

0 

2 


111 

0 

0 

0 

10 

28 

0 

8 

48 

10 

7 

0 

0 


0 

1 

0 
0 

1 

0 


1 

0 

1 


2 
0 
0 
2 
0 
0 


2 
0 
0 


.04 


60 


Total, 


181 


96 


1.706 


426 

52 

0 

46 

128 

8 

0 

36 

156 


76 

0 
4 

40 

30 

2 


1,182 

0 

0 

412 

0 

24 

452 

0 

86 

0 

192 

16 

0 


0 
0 
0 
0 
0 
1 


2 
0 
0 


.80 


100 


916 

56 

4 

0 

156 

0 

4 

16 

680 


0 
6 
1 
0 
0 


65 

32 
4 
0 
0 
4 
8 
0 

20 
0 
1 

16 
0 


868 
0 
0 
0 
0 
0 


10 


4 
4 
2 


60 


671         1,787  I     1.950 
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LiEOBilNSTEB. 

Chemical  Examination  of  Water  from  Morse  Reservoir^  Leominster. 

[Parts  per  100,000.] 


I 


1M53 

16298 
16660 
17063 
17522 
17064 


6 
s 

m 
Q 


189«. 

J»n.  27 

Mar.  23 
May  24 
July  27 
8ept.31 
Nov.26 


Appbajukci. 


«1 
a 
« 


00 


SUgbt. 

Decided. 

SUght. 

Diatloct. 

Decided. 

Diatloct. 


Slight. 

SUght. 

Oooa. 

Cona. 

Slight. 

Slight. 


6 


.80 
.24 
.22 
.82 
.83 
.30 


rk8idub  ok 
Eyapoea- 

TION. 

• 

1 

Lots  on 
Ignition. 

2.50 

1.15 

2.50 

1.10 

1.85 

0.95 

2.60 

1.45 

2.65 

1.65 

3.10 

1.30 

Ammonia. 


Albuminoid. 

1 

i 

1 

1 

1 

UI- 

pend 

U4 

H 

a 

GC 

.0084 
.0028 
.0002 
.0004 
.0000 
.0004 


.0130 
.0212 
.0178 
.0832 
.0314 
.0202 


.0110 
.0160 
.0124 
.0242 
.0232 
.0172 


.0020 
.0052 
.0054 
.0090 
.0082 
.0030 


.16 
.14 
.14 
.18 
.16 
.20 


NiTBOGKM   -9 
AS       * 


8 

I 


e 


»  I  5 


.0050 
.0080 
.0030 
.0020 
.0020 
.0030 


.0000 
.0000 
.0000 
.0000 
.0001 
.0000 


.41 
.36 
.25 
.45 
.42 
.47 


0.6 
0.2 
0.2 
0.2 
0.2 
0.5 


Averages  by  Years, 


. 

1887* 

. 

- 

.32 

2.57 

0.74 

.0010 

.0117 

- 

- 

.12 

.0028 

- 

1 

1  _ 

- 

- 

1888t 

- 

- 

.13 

1.98 

0.58 

.0001 

.0065 

- 

- 

.09 

.0036 

.0000 

- 

- 

- 

1803 

- 

- 

.40  i 

2.73 

1.36 

.0009 

.0175 

.0185 

.0040 

.16 

.0032 

.0001 

.52 

0.5 

- 

1894 

- 

- 

.36 

2.59 

1.11 

.0026 

.0160 

.0128 

.0041 

.17 

.0017 

.0001 

.41 

0.2 

- 

1895 

- 

- 

.28 

2.80 

1.40 

.0107 

.0260 

.0213 

.0055 

.18 

.0040 

.0000 

.45 

0.8 

- 

1896 

- 

- 

.28 

1 

2.53 

1.25 

.0012 

.0228 

.0173 

.0055 

.16 

.0038 

.0000 

.39 

1 

0.3 

•  Jane  to  December. 


t  February  to  May. 


NoTK  to  analyaes  of  1896:  Odor,  vegetable.  — The  aamplea  were  collected  from  the  reaervoir. 
Water  from  Haynea  Reservoir  has  been  diverted  into  Morse  Reservoir  since  1894. 
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liEOMINSTEB. 

Microscopical  ExamincUion  of  Water  from  Morse  Reservoir,  Leominster. 

[Number  of  organiiiiui  per  cable  centimeter.] 


1806. 


Jan. 


Mm*. 


May. 


July. 


Sept 


Not. 


Day  of  examination,    .... 
Nnmber  of  sample,       .       .       .       . 

PLANTS. 
Diatomacead, 

Aaterionella, 

Fragllarla 

Melosira, 

Navloula,         .       .       .       .       . 

NitzBohia 

Bynedra, 

Tabellarla,      .       .       .       .       . 

Oyanophyceee,  Merlamopedla,    . 

AlgeB 

Arthrodeemna 

Botryooccna,  ..... 

OcBlaatrum, 

Pandorlna 

Protoooccaa, 

Raphidlnm, 

Boenedeamas, 

Helenaatram,  .  .  .  •  . 
Btaan^tmm,  ..... 
Btaurogenla, 

ANIMALS. 
Bhlzopodai  Actlnophrys, 

Infusoria, 

Ciliated  infnaorlan, 

Dlnobryon,     ..... 

Bugleoa 

Mallomonaa 

Monaa,     ...... 

Perldlniom,     ..... 

Tlntlnnidinm,         .... 

Uroglena,        ..... 

Vermes 

Annrea, 

Asplanchna,  ..... 
Polyarthra, 

■  l'  »■  ■■in  ^M^M^       !■■■! 

HUcelUmeoutt  ZoSgloM,      .       . 
Total, 


28 

24 

27 

lfi063 

10298 

16680 

4 

160 

m 

0 

0 

2d 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

160 

84 

0 

0 

112 

0 

0 

0 

0 

e 

4 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

28 
17068 


22 
17622 


27 

17064 


16 

10 
4 
0 
1 
1 
0 
0 


17 

0 
6 
0 
0 
0 
10 
0 
0 

1 

0 


78 

6 
0 

50 
2 
0 

16 
0 


8 


280 

2 

0 

28 

48 

188 

0 

2 

82 

22 

8 


16 

0 
0 
8 
0 

4 

a 
a 


0 
0 
0 
0 
0 
0 
0 
0 
2 
0 


8 

0 
0 
8 
1 
3 
1 
0 
0 


0 
0 
1 


8 

0 
0 
8 
0 
0 
0 
0 
0 


1 
0 
0 


160 

0 
160 
0 
0 
0 
0 
0 
0 


0 
0 
0 


It 

0 
12 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


20 

s 

2 
0 
0 
0 
0 
2 
14 


0 
1 
S 


to 


to 


10 


174 


400 


48 


866 


61 
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liEXINGTON. 


Water  Supply  of  Lexington. 


Chemical  Examination  of  Water  from  Vine  Brook,  above  the  Storage  Reservoir  of 

the  Lexington  Water  Works, 

[Parts  per  100,000.] 


% 

e 

o 

>5 


c 
o 

o 

"S 
u 

^> 
o 

4> 


10303 
10802 
17210 
17624 
17038 
17873 
18100 


1896. 

Apr.  12 
Jane  10 
Aag.17 
8ept.21 
Oct.  13 
Nov.  17 
Deo.  21 


Appiabjuicb. 


5 


a 


Av. 


Slight. 

V  slight. 

Slight. 

None. 

Distinet. 

None. 

V.  Blight. 


Slight. 

V.sUght. 

SUght. 

Slight. 

Oons. 

None. 

Slight. 


.22 
.50 
.40 
.40 
.30 
.20 
.12 


.30 


Rbbiodk  ox 

EVAPOSA- 
TIOH. 


o 


§• 


c 
o 
s 


3.80 
5.15 
4.00 
7.86 
0.50 
5.95 
5.25 


5.51 


1.80 
1.55 
1.00 
2.30 
2.55 
1.80 
1.30 


Ammomu. 


Albamlnold. 

• 

1 

i 

i 

1 

^ 

si 

h 

H 

ft 

00 

.0000 
.0020 
.0012 
.0002 
.0000 
.0010 
.0010 


.0000 
.0188 
.0290 


.0054 
.0188 
.0270 


1.77 


.0009 


.0100  .0154 
.0180.0130 
.0112.0100 
.0070  .0000 


.0149 


.0182 


.0012 
.0000 
.0020 
.0012 
.0050 
.0012 
.0010 


.0017 


6 


.29 
.85 
.40 
.43 
.04 
.51 
.60 


.45 


NlTIOOKM 
A8 


i 

s 


.0080 
.0100 
.0000 
.0300 
.0400 
.0200 
.0250 


.0188 


.0000 

.0001 
.0000 
.0001 
.0002 
.0001 
.0000 


s 

9 
« 
c 
o 


8 

V 

e 
O   >   B 


e 


.21 
.07 
.40 
.58 
.48 
.32 
.27 


.0001 


.48 


0.6 
1.2 
1.4 
2.6 
2.1 
2.6 
1.8 


1.7 


Odor,  generally  distinctly  vegetable;  in  April,  mouldy. The  samplea  were  collected  from  the 

brook,  at  entrance  to  storage  reaervoir. 

Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  81. 

Chemical  Examination  of  Water  from  the  Vine  Brook  Storage  Reservoir  of  the 

Lexington  Water  Works, 

[Parts  per  100,000.] 


1     =     ' 

'           O 

Appbabavcb. 

Kksipcb  oh 
Evapora- 

Ammonia. 

NrrBOOBM 

AS 

• 

mm 

«>  ' 
1          ^ 

1      o 

• 

tion. 

e 

1 

e 

1 

1 

s 

D 

s 

6 
1 

Tnrbidltj. 

a 

§ 
1 

• 

§ 

1      o 

• 

Albuminoid. 

• 

• 

2 

a 

o 

S5 

t 

Lesson 
Ignltlo 

• 

1 

0 

m 
m 

5 

Sus- 
pended. 

m 

s 

0 

1 

189«. 

16901 

.Tan.  20  • 

Slight. 

Blight. 

0.85 

0.85 

2.16 

.0010 

.0230  .0190 

.0040 

.60 

.0700 

.0002 

.49 

2.2 

10289 

Mar.  18 1 

Distinct. 

V.slight. 

0.30 

4.90 

1.46 

.0008 

.0288.0204 

.00841 

.42 

.0200 

.0004 

.42 

2.0 

10394 

Apr.  12!  Slight. 

Slight. 

0.23 

4.50 
4.10 

1.85 

.0000 

.0214 

.0108 

.0040, 

.38 

.0180.0006 

.85 

1.1 

10032 

May  20,1  Distinct, 

Slight. 

0.23 

1.85 

.0008 

.0230 

.0182 

.0008 

.41 

.0070.0001 

.32 

1.0 

h     clayey. 

1 

1 

1 

10838 

May  20  '  Distinct, 

elavay. 

June  10'  Decided, 

Slight. 

0.23 

'  4.16 

1.05 

.0008 

.0220  .0192 

.0034  .41 

1 

.0130 

.0002 

.32 

1.3 

10803 

Cons., 

0.37 

4.30 

1.30 

.0020 

.0842  .0240 

.0090' 

.42 

.0000 

.0000 

.52 

1.4 

green. 

green. 

t 

10975 

1 

July  14 1  Distinct. 

1 

Slight, 
green. 

0.40 

1  4.80 

1 

1.70 

.0020 

.0242.0222 

1 

.0020' 

.46 

.0000 

.0002 

" 

1.8 

17211 

Aug  17  \  Slight. 

Slight. 

0.37 

4.35 

1.55 

.0000.02701.0248 

.0022 

.41 

.0000 

.0000 

.42 

1.4 

17526 

8ept.2l!v.  slight. 

V.sUght. 

0.35 

4.40 

2.30 

.0000'.  02701. 0232 

.0038 

.89 

.0030 

.0001 

.44 

1.4 

17039 

Oct.  13    SllKht. 

SUght. 

0.28 

4.05 

1.50 

.00121.0212  .0192  .0020 

.43 

.0070 

.0001 

.39 

1.8 

17874 

Nov.  17    Slight. 

SUght. 

0.33 

4.05 

1.40 

.0000.0198.0180 

.0012 

.48 

.0180 

.0001 

.35 

1.4 

18101 

Dec.  21,  V.slight. 

Slight. 

0.12 
0.30 
0.41 

4.85 

i 

4.00 

1.30 

.0000.0078.0000 

.0009  .02341.0194 

1 

,.0012'  n9Ai  niRT 

.0012 
.0040 
.0047 

.48 
.43 
.62 

.0380 
.0107 
.0409 

.0000 
.0002 
.0003 

.22 
.39 
,55 

1.9 

,^%.  V  m    m    »   m 

1 
1890* 

,             1 

1.05 

2.17 

1.6 

- 

18951 

0.00 

2.6 

1 

1 

I 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
naed  in  making  the  average. 
^     t  May  to  December. 


NoTK  to  analyses  of  1800:  Odor,  vegetable,  becoming  somewhat  stronger  on  heating. 
plea  were  collected  from  the  reservoir. 


The  sam- 


202 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


LEXINGTON. 

Microscopical  Examination  of  WaXtr  from  the  Vine  Brook  Storage  Reservoir  of 

the  Lexington  Water  Works. 

[Namber  of  organlems  per  cubic  eeotlmeter.]  - 


PLANTS. 
DlatomacesB,    . 


MerldloD, 
Navicula, 
Bynedra, 


CyanophycesB, 

Clathrocystia,    , 
Ccelosphseriam, 


AlgeB» 


PrOtOCOCCQB, 

CGelastram, 

Baphidlum, 

ScenedesmuB, 

Selenastrum, 

Staarogenia, 


1896. 

Jan. 

Mar. 

Apr. 

May. 

May. 

June. 

July. 

Aug 

Sept. 

Oct.   Nov.  Dec 

1 

Day  of  ezaminatioD, 

Number  of  aample 

21 
15901 

20 
16289 

14 
16394 

21 
16632 

21 
16633 

IT 
16803 

16 

10975 

18 
17211 

22 
17625 

1 
15  t    18 

1763917874 

22 
18161 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

302 

124 

300 

124 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

20 

0 

7 

13 


0 
0 


9 

0 
0 
9 
0 
0 
0 


20 

20 

10 

4 

0 

0 

0 

0 

0 

0 

0 

0 

3 

4 

0 

20 

20 

7 

0 

0 

0 

0 

1 

14 

17 

0 

0 

1 

0 

17 

0 

0 

0 

14 

0 

144 

144 

205 

724 

127 

144 

144 

160 

560 

120 

0 

0 

20 

124 

0 

0 

0 

2 

0 

0 

0 

0 

1 

2 

7 

0 

0 

20 

0 

0 

0 

0 

2 

38 

0 

16 

0 

0 

16 


82 


0 
0 


12 

12 
0 
0 
0 
0 
0 


0 

0 

4 

0 

28 

6 

0 

0 

0 

0 

0 

0 

4 

3 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

12 
1 
2 


0 
0 


1 
0 
0 
0 
0 
0 


ANIMALS. 

Infusoria,   . 


Collated  infuBorian, 
Dinobryon, 
PeridiDium, 
Trachelomonas, 


Vermes,  Polyarthra, 


Crustacea,  Cyolopa,  . 


MUcellaneous t  Zodgloea, 


Total, 


4 

5 

3 

2 

1 

0 

0 

0 

pr. 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 
0 
0 
0 


40 


50      20 


0 
2 
0 

0 


♦  ;  0 

0  I     0 


0 
0 
0 
0 


0 

0 


311     129 


32 


172 


170 


266 


747  '  144 


80  ;    60       11  !     16 
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LEXINGTON. 

Chemical  Examination  of  Water  from  a  Faucet  in  Lexington^  supplied  from  the 

Lexington  Water  Works, 

[Paita  per  100,000.] 


c 
o 

Appbabancb. 

Rbsidck  on 
Evapora- 
tion. 

Ammonia. 

NlTUOOBN 

ab 

1  i 

<  a 

S 

a 

. 

1 

• 

1 

1 

• 

a 

• 

• 

3 

81  on 
Ignition. 

1 

1 

z 

Albnmlnoid. 

S 

ygen  Con 

a 

• 

> 
1 

■2 

• 

m 

c 

* 
* 

5 

• 

• 

3 

^ 

& 

1 

o 
(J 

^ 

a 

H 

a  e. 

30 

6 
1 

^ 

s 

o 

m 

1896. 

1 

1 

1 

1 

10076 

July  14 

V.sUgbt. 

Slight. 

.18 

7.80 

1.40 

.0000 

.0056 

.0042 

.0014 

1.52 

.0400 

1 

.0002 

— 

4.0 

.  Odor,  none,  beeomlog  distinctly  vegetable  and  faintly  unpleaBant  when  heated. The  sample  was 

collected  from  a  faucet  in  the  town. 

Microscopical  Examination, 

An  Insignificant  number  of  organisms  was  found  in  this  sample. 


Water  Supply  of  Lincoln. 

(See  Concord,) 

Water  Supply  of  Longmeadow. 

Chemical  Examination  of  Waler  from  Cooley  Brooke  Longmeadow, 

[Parts  per  100,000. J 


IL 


c 
o 


5 

«s 

o 


15065 
16802 
16665 

17100 
17564 
17962 


1896. 

; Jan. 26 


Appeabance. 


1 

a 
H 


I 


V.  slight. 


Av. 


Mar.  23!  Slight. 
Msy25!|None. 
Joly  20    None. 
8ept.28    Slight. 


Nov.  24 


V.  slight. 


V.  slight. 
Slight. 
V.  slight. 
V.  slight. 
Slight. 
V.  slight. 


o 
o 


.05 
.12 
.10 
.07 
.04 
.07 


Kksiduk  on 
Evapora- 
tion. 


5 

o 


a 
o 


o 


4.70 
3.30 
4.70 
5.05 
5.80 
5.55 

5.06 


0.70 

1.20 
1.15 
0.80 
1.35 


Ammonia. 


Albuminoid. 

• 

■a 

4> 

• 

• 

► 

'9 

• 

1 

s 

-1 

a  A 

b 

H 

a 

00 

1.04 


.0000 
.0000 
.0002 
.0006 
.0022 
.0004 


.0006 


.0024 
.0110 
.0(Vi2 
.0024 
.0088 
.0022 


.0030 


.0018 

.0032 
.0018 
.0080 
.0018 


.0023 


.0006 

.0010 
.0006 
.0008 
.0004 


.0007 


C 

•n 
o 


.17 
.17 
.17 
.13 
.18 
.20 


NiTROOKN 
AS 


.17 


.0400 
.0300 
.0400 
.0300 
.0330 
.0560 


.0380 


.0000 
.0000 


e 

a 
« 

c 
o 
O 

c 
«i 

O 


a 

8 

S3 


.11 
.15 


.0000  .02 


.0001  .08 


.0000 
.0000 


.0000 


.08 


.00 


2.9 
2.0 
3.0 
3.0 
2.8 
8.0 


2.8 


Odor  of  the  lost  sample,  distinctly  unpleasant;  of  the  others,  none. The  first  three  samples  were 

collected  from  faucets  in  the  town,  and  the  others  from  a  faucet  at  the  pumping  station,  while  pumping. 


Microscopical  Examination. 

No  organisms  were  found  in  Nob.  16302  and  17664;  an  insignificant  number  was  found  in  the  others. 
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Water  Supply  of  Lom'ell. 
A  third  system  of  tubular  welU  for  supplying  water  to  the  city 
of  Lowell  was  completed  duriog  tlie  year  1896.  The  wells  are 
located  on  the  north  bank  of  the  Merrimack  River,  between  the 
river  and  the  Fawtucket  Boulevard,  about  a  quarter  of  a  mile  above 
the  Lowell  dam.  The  system  consists  of  169  two  and  one-half  inch 
wells,  varying  in  depth  from  27  to  40  feet,  and  situated  at  a  distance 
of  from  150  to  350  feet  from  the  bank  of  the  river.  Fumping  from 
this  plant  was  begun  Feb.  28,  1896.  The  tubular  wells  are  said  to 
have  furnished  all  the  water  supplied  to  the  city  from  Feb.  22,  1896, 
to  the  end  of  the  year. 

Chemical  Examination  of  Water  from  the  Merrimack  Biver  above  Lowell. 
[Port*  per  ww.ooo.] 


Averages  by  Tears. 


887* 

m 

8« 

.a 

.30 
.19 

'.sa 

4,S9 

s.n 

I.9M 
3.57( 

s!«i 

3:41 

o:*4t 

lis* 

i 

:s:;-:iS|;k:|:;! 

1.0137.0001 

.ooda'.oooi 
-wsaLoom 

:oo6a;:ooQi 

^ 

:<i  •naljw*  of  ISM:  Odor,  geqe 
or  dlHgHubla. The  umpl 


tiDctly  vsgeUbl«  and  muii> 


uaUoDor  RlTin"! 
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LiOWEIili. 

Chemical  Examination  of  Water  from  Tubular  Wells  in  the   Valley  of  River 

Meadow  Brooke  a  SJiorl  Distance  above  Plain  Street. 

[PmtU  per  100,000.] 


16018 
16000 
16268 
16622 
17670 
18125 


^6 

o 

S 

m 
Q 


1896. 

Jan.  21 

Peb.  18 
Mar.  17 
May  19 
Oct.  20 
Deo.  16 


ArPSABAHOB. 


S 

I 


i 


V.illgbt. 

None. 

None. 

None. 

None. 

None. 


V.eUght. 

None. 

Slight. 

None. 

None. 

None. 


.08 
.08 
.02 
.00 
.03 
.08 


a 
o 

S  o 
o  o. 

•  •) 


I 


9.80 
9.80 
8.40 
7.00 
7.60 
7.80 


Ammohia. 


s 


o 
a 


.0000 
.0000 
.0000 
.0006 
.0002 
.0002 


.0086 
.0030 
.0084 
.0084 
.0018 
.0066 


6 

a 


.64 
.49 
.66 
.60 
.64 
.68 


HmtOOKN 
▲8 


■ 

i 

t 


5 


.0420 
.0470 
.0420 
.0860 
.0800 
.0680 


.0001 
.0000 
.0000 
.0000 
.0002 
.0000 


• 

1 

•s 

B 

m 

_  O 

m 

go 

% 

S! 

^ 

M 

« 

o 

n 

.10 

4.0 

.06 

4.6 

.08 

8.6 

.09 

8.4 

.09 

8.8 

.10 

3.9 

.0110 
.0070 
.0060 
.0060 
.0070 
.0060 


Averages  by  Years, 


• 

1898* 

- 

- 

.00 

7.24 

.0001 

.0006 

.48 

.1030 

.0001 

.08 

2.7 

.0030 

- 

1894 

- 

- 

.02 

7.83 

.0008 

.0014 

.66 

.0649 

.0002 

.02 

2.8 

.0078 

- 

1896 

- 

- 

.02 

9.22 

.0001 

.0024 

.66 

.0823 

.0002 

.06 

8.8 

.0119 

- 

1896 

- 

- 

.02 

8.87 

.0002 

.0036 

.68 

.0607 

.0000 

.09 

8.8 

.0068 

*  Jane  to  December. 

Nora  to  analyeea  of  1896 :  Odor,  none.— -The  Mmplee  were  collected  from  the  welle,  which  are 
loeally  known  at  the  **  Cook  "  wells.    No  water  wat  drawn  from  these  wells  from  June  1  to  October  9. 


Microscopical  Examination, 


No.  18226.    Fungi,  Crenothrix^  60. 

No  organisms  were  found  in  the  remaining  samples. 
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LOWELL. 

Chemical  Examination  of  Water  from  Tubular  Wells  in  the   Valley  of  River 
Meadow  Brooke  a  Short  Distance  above  the  Old  Middlesex  Canal  in  Chelmsford, 

[Part*  per  100,000.] 


a 

0 


§ 


a 
o 


15851  Jan.  7 
15917  Jan.  21 


16091 
16264 
16450 
16621 
16818 
17027 
17235 
17464 
17678 
17879 


Feb.  18 
Mar.  17 
Apr.  21 
May  10 
JaDe  16 
July  21 
Aug.  18 
Sept.  16 
Oct.  20 
Nov.  17 


Av...       1896* 


Av... 


Appkaranok. 


I 


e 

a 


BUgbt, 

rusty. 
DisUuct, 

rusty. 
BllKht, 

rusty. 
NoDe. 

Slight. 

Decided, 
rusty. 
Noue. 

Sliffbt, 

clayey. 
Slight, 

milky. 
Distinct. 

V.  slight. 

Slight. 


Slight, 

rusty. 
SUght, 

rusty. 
Cods.. 

rusty. 
SUght. 

Blight. 

Cods., 

rusty. 
V.  slight. 

Slight. 

Blight. 

SUght. 

Blight. 

Coos. 


.13 
.02 
.12 
.10 
.12 
.04 
.18 
.18 
.10 
.12 
.10 
.10 


.10 


.12 


o 
o 

4 

m 

as 


16.40 
16.80 
14.90 
12.10 
10.10 
10.50 

9.60 
10.00 

9.80 
10.60 
10.80 
12.30 


11.50 


9.42 


Ammonia. 


.0052 
.0054 
.0066 
.0068 
.0068 
.0068 
.0054 
.0064 
.0058 
.0060 
.0070 
.0080 


.0064 


.0020 


o 
a 

a 


.0034 
.0044 
.0054 
.0034 
.0048 
.0062 
.0046 
.0046 
.0036 
.0048 
.0056 
.0044 


.0047 


.0017 


I 

o 


.S9 
.33 
.32 
.35 
.23 
.81 
.34 
.34 
.32 
.84 
.82 
.38 


.32 


NiTROOSV 

▲s 


m 
o 

5 


7i 


.0080 
.0080 
.0080 
.0070 
.0100 
.0050 
.0040 
.0070 
.0050 
.0070 
.0070 
.0100 


.0071 


.31  .0078 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0005 
.0002 


.0001 


.0000 


B 

a 


K 

o 


.00 
.10 
.12 
.13 
.11 
.13 
.14 
.12 
.16 
.13 
.14 
.18 

.18 


8 

n 


7.3 
7.1 
6.6 
5.1 
4.6 
4.6 
4.2 
4.3 
4.2 
4.6 
4.0 
5.1 


5.0 


.05   3.0 


a 


.0980 
.0980 
.0670 
.0700 
.0680 
.2400 
.0040 
.0800 
.0460 
.0400 
.0690 
.0420 


.0697 
.0673 


*  Where  more  tbaD  one  sample  was  collected  Id  a  moDth,  the  meao  analysis  for  that  month  has  been 
used  in  makiog  the  average. 

Note  to  analyses  of  1896 :  Odor,  faintly  vegetable  or  none. The  samples  were  collected  from  a 

faucet  at  the  pumplug  statloD,  whUe  pumping.    These  weUs  are  locally  known  as  the  **  Hydraulic  Con- 
structloD  OompaDy*s  "  wells. 


Microscopical  Examination, 

The  average  Dumber  of  organisms  per  cubic  centimeter  found  In  these  samples  was  146,  consisting 
chiefly  of  Crenothrix, 
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IiOWEIiL. 

Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  the  Merrimack 

River  near  the  Pawtucket  Boulevard, 

[ParU  per  100,000.] 


I 


a 
o 


o 
S 


Appkakakob. 


§ 

^ 


16371 
16028 
16810 
17028 
17236 
17472 
17677 
17878 
18126 


Av. 


1806. 

Apr.     7 

May  19 
JoDe  16 
Jaly  21 
Aug.  18 
8«pt.  15 
Oct  20 
Nov.  17 
Deo.  15 


a 

a 


§ 


I 


None. 

None. 

None. 

None. 

None. 

V.sUght. 

None. 

None. 

None. 


None. 

None. 

None. 

Slight. 

white. 
Blight. 

Blight, 

rusty. 
V.  slight. 

BUght. 

BUght, 
nuty. 


.00 
.00 
.00 
.08 
.02 
.01 
.02 
.02 
.03 


e 
o 


.01 


6.80 
4.00 
8.80 
4.70 
8.70 
4.50 
3.70 
4.40 
8.60 


4.86 


Ammonia. 

' 

• 

s 

o 

a 

« 

i^ 

Em 

5 

.0004 
.0020 
.0014 
.0074 
.0056 
.0068 
.0056 
.0050 
.0054 


.0044 


.0004 
.0018 
.0012 
.0022 
.0018 
.0024 
.0024 
.0012 
.0038 


c 
e 

o 


.56 
.31 
.26 
.23 
.24 
.26 
.26 
.29 
.26 


.0019 


.80 


NlTSOOKM 
AS 


I 


.1800 
.0600 
.0310 
.0250 
.0150 
.0190 
.0200 
.0270 
.0300 


.0452 


.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0008 
.0001 
.0001 


.0001 


1 

8 

0 

S 
s6 


.02 
.02 
.02 
.04 
.04 
.03 
.07 
.09 
.04 


.04 


2.6 
2.0 
1.6 
1.7 
1.4 
1.7 
1.6 
1.8 
2.2 


1.8 


.0030 
.0020 
.0030 
.0100 
.0080 
.0140 
.0160 
.0150 
.0220 


.0098 


Odor,  none. The  samples  were  collected  from  a  faacet  at  the  pamplng  station,  while  pumping. 

The  wells  are  locally  known  as  the  "  Boulevard  '*  wells. 

Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  Nos.  17236  and  17472;  no  organisms  were  found 
in  the  other  samples. 

Water  Supply  of  Ludlow. 

(See  Springfield.) 

Water  Supply  of  Lynn  and  Saugus. 

During  1896  the  capacity  of  the  works  for  supplying  water  to  the 
city  of  Lynn  was  increased  by  the  completion  of  a  storage  reser- 
voir upon  Hawkes  Brook.  This  reservoir  has  an  area  of  75  acres, 
a  maximum  depth  of  25  feet  and  an'  average  depth  of  12.3  feet.  Its 
capacity  is  about  300,000,000  gallons.  The  reservoir  was  prepared 
for  the  storage  of  water  by  the  removal  of  stumps,  soil  and  vege- 
table matter  over  a  large  portion  of  its  area,  but  over  a  consider- 
able portion  of  the  area,  on  account  of  the  depth  of  the  mud,  this 
material  was  not  removed,  but  these  areas  are  said  to  have  been 
covered  with  gravel  to  a  depth  of  about  18  inches. 

The  area  of  the  watershed,  including  the  reservoir,  is  about  1.9 
square  miles  and  contains  a  small  population. 
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liTNN  ANI>  SAUGUS. 

ChemiccU  Examinaiion  of  Water  from  Birch  Pond^  Lynn, 

[Parts  per  100,000.] 


i 
1 

Appbasaxos. 

Krsidub  oh 

EVAPOSA- 
TION. 

AmcoviA. 

i 

.65 

NiTBOQKM 
AS 

• 

a 

0 

1 

8 

• 

1 

«2 

1 

i 

a 

• 

i 

Loss  on 
Ignition. 

• 

AIlHiinlnoid. 

• 

m 
1 

• 

• 

H 

t 
1 

1 

00 

• 

8 
e 

e 

1 

15870 

1806. 

Jan.  14 

Slight. 

Slight. 

.60 

4.85 

2.15 

.0080 

.0260 

.0224 

.0086 

.0100 

.0001 

.72 

1.8 

10048 

Feb.  11 

Slight. 

Slight. 

.68 

4.65 

2.05 

.0034 

.0214 

.0182 

.0032 

.55 

.0150 

.0001 

.68 

1.1 

18227 

Mar.  10 

DUUnot. 

SUgbt. 

.58 

4.75 

1.05 

.0080 

.0284 

.0214 

.0020 

.58; 

.0080 

.0000 

.50 

1.6 

16404 

Apr.  14 

DlMlnot. 

Slight. 

.88 

4.00 

1.50 

.0010 

.0188 

.0160 

.0028 

.52! 

.0030 

.0001 

.48 

0.6 

18682 

May  12 

DUtlnot. 

Slight. 

.88 

3.10 

1.26 

.0002 

.0220 

.0174 

.0046 

.58 

.0080 

.0000 

.44 

1.0 

16762 

Jnne  0 

Slight. 

SUght. 

.42 

8.65 

1.60 

.0040 

.0268 

.0228 

.0040 

.50 

.0030 

.0001 

.59 

1.0 

16077 

July  14 

SUght. 

Slight. 

.82 

4.10 

1.85 

.0000 

.0250 

.0206 

.0044 

.62 

.0000 

.0000 

- 

1.0 

17168 

Ang.ll 

Diathict. 

SUght. 

.85 

4.00 

1.80 

.0008 

.0248 

.0224 

.0024 

.60 

.0000 

.0001 

.48 

1.0 

17870 

Sept.  8 

Dietinct. 

SUght. 

.87 

4.50 

1.45 

.0012 

.0262 

.0248 

.0014 

.63 

.0020 

.0000 

.37 

1.8 

17607 

Oet.  7 

V.eUght. 

SUght. 

.84 

3.80 

1.36 

.0084 

.0280 

.0206 

.0024 

.02 

.0030 

.0001 

.44 

0.9 

17827 

Nov.  10 

Dietinct. 

SUght. 

.63 

4.70 

2.05 

.0008 

.0208 

.0240 

.0058 

.68 

.0050 

.0002 

.61 

1.0 

18034 

Dec.  8 

Blight. 

SUght. 

.50 

4.60 

1.85 

.0010 

.0246 

.0102 

.0054 

.02 

.0050 

.0000 

.65 

1.1 

Averages  by  Tears. 


1887* 

- 

- 

.67 

4.02 

1.61 

.0016 

.0280 

- 

- 

.43 

.0044 

- 

- 

. 

- 

1888 

- 

- 

.33 

3.48 

1.40 

.0026 

.0287 

- 

- 

.45 

.0082 

.0001 

- 

- 

- 

1880 

- 

- 

.23 

2.96 

1.14 

.0014 

.0241 

.0190 

.0061 

.41 

.0048 

.0001 

- 

- 

18^ 

- 

- 

.36 

3.57 

1.35 

.0013 

.0227 

.0179 

.0048 

.42 

.0088 

.0001 

- 

1.0 

- 

1891 

- 

- 

.42 

3.26 

1.30 

.0005 

.0241 

.0183 

.0058 

.40 

.0066 

.0001 

0.7 

- 

1892 

- 

- 

.48 

3.73 

1.66 

.0016 

.0299 

.0227 

.0072 

.47 

.0092 

.0001 

1.0 

- 

1898 

- 

- 

.75 

4.21 

1.63 

.0052 

.0299 

.0218 

.0081 

.51 

.0059 

.0001 

.53 

1.0 

- 

1894 

- 

- 

.75 

4.47 

1.88 

.0053 

.0292 

.0242 

.0050 

.57 

.0076 

.0001 

.63 

1.1 

- 

1895 

- 

- 

.60 

5.05 

2.12 

.0031 

.0294 

.0222 

.0072j 

.70 

.0063 

.0001 

.62  1  1.4 

- 

1896 

- 

- 

.45 

4.22 

1.65 

.0018 

I 

.0243 

.0208 

.0085 

1 

.58 

.0047 

.0001 

1 

.56  1.1 

*  June  to  December. 


NoTB  to  analyeee  of  1896 :  Odor,  generally  vegetable,  lometimee  alto  mouldy  or  graeey,  rarely  none. 

The  lamplee  were  collected  from  the  pond,  near  the  gate-hoase,  1  foot  beneath  the  surface.    For 

monthly  height  of  water  in  this  pond,  see  page  219. 
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'  LYNN  AND  SAUGUS. 

Microscopical  Examination  of  Water  from  Birch  Pond,  Lynn, 

[Number  of  org«niima  per  oublo  oentlmeter.] 


ANI^CALB. 
Bhizopoda,  Aetinophrys, . 


InftLSoria, 


DlnobryoD, 

MallomoDM, 

PeridlDium, 

Phacas, 

Tracholomonaa, 


Vermes, 


Annrea, 
Aaplanchna, 
Rotatorian  ova, . 
Kotifer,      . 


Orustac^a,  Daphnia, 


1806. 

Ian. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

Day  of  examination, 

l« 

12 

11 

15 

13 

10 

15 

12 

9 

8 

12 

10 

Number  of  sample 

15879 

16048 

16227 

16404 

16582 

16752 

16977 

17168 

17879 

17697 

17827 

18084 

PLANTS. 

DlatomaceaB,    .... 

14a 

m 

2S2 

580 

2,819 

36 

788 

66 

96 

104 

92 

98 

Aaterionella,      .... 

Cyclotella, 

Diatoma, 

Fragilaria, 

Meloeira, 

Naylenla, 

Synedra, 

TabeUarla 

49 
32 
0 
0 
0 
0 
64 
4 

112 
0 
0 
0 
0 
0 

128 
4 

192 
0 
0 
0 
0 
0 
40 
20 

428 
0 
0 
0 
0 
4 

148 
0 

72 
0 
8 
0 
0 
0 
2.700 

44 

1 
0 
0 
0 
0 
0 
0 
85 

132 
512 
0 
0 
0 
0 
0 
144 

0 
0 
0 
0 
0 
0 
0 
66 

0 
0 
0 
0 
0 
0 
0 
96 

16 
0 
8 

14 
4 

0 
14 

48 

8 
0 
0 
0 
4 
8 

60 
12 

8 
0 
0 
0 
0 
0 
84 
1 

Cyanophyceee, 

0 

0 

0 

0 

0 

3 

0 

18 

66 

14 

0 

0 

Anabnna, 

Mlcroeystii,      .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
3 

0 
0 

13 
0 

60 
5 

14 
0 

0 
0 

0 
0 

^LlS^flB, 

18 

0 

S 

10 

34 

0 

48 

19 

24 

6 

5 

1 

Botrycoccua 

Chlorocoocaa 

Protococcnt,      .... 

Baphidlam 

Staurattram,     .... 

0 
8 
0 
10 
0 

0 
0 
0 
0 
0 

0 
0 
0 
6 
0 

0 
0 
0 
10 
0 

0 

0 

8 

25 

1 

0 
0 
0 
0 
0 

0 

0 

0 

42 

4 

4 
0 
2 
5 
8 

0 

0 

4 

11 

2 
0 
2 
0 
2 

0 
0 
0 
5 
0 

0 
0 

1 

0 
0 

Funflrlt  Crenothrlx, 

0 

1 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

18 

8 

26 

29 

6,800 

9 

46 

501 

17 

10 

44 

0 

7 

24 

22 

6,800 

0 

44 

500 

9 

6 

24 

5 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

8 

1 

2 

5 

0 

1 

0 

1 

1 

2 

4 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

2 

0 

5 

2 

16 

2 

0 

0 

10 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

.  0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

8 

0 
0 
6 
0 
3 


0 
0 
0 
0 


Ml9C€ilaneou9, 

Acarlna, 
Zodgloea, 


0 

40 

40 

0 

20 

10 

10 

20 

50 

20 

20 

.06 

.10 

.02 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

40 

40 

0 

20 

10 

10 

20 

50 

20 

20 

10 

0 
10 


Total, 


188 

293 

323 

634 

9,674 

59 

890 

619 

253 

154 

166 

112 
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liTNN  ANI>  SAUGUS. 

Chemical  Examination  of  Water  from  Birch  Pond^  Lynn, 

[Parti  per  100,000.] 


hi 


15870 
10048 
18227 
16404 
10682 
16762 

loon 

17168 
17870 
17607 
17827 
18034 


1806. 

Jan.  14 

Feb.  11 
Mar.  10 
Apr.  14 
May  12 
Jane  0 
JolyU 
Aag.ll 
Sept.  8 
Oct.  7 
Not.  10 
Dee.  8 


Appbakavos. 

1 

1 

i 
1 

1 

BUght. 

Blight. 

.00 

Slight. 

Slight. 

.68 

DiaUnot. 

Blight. 

.68 

Dlatlnot. 

SUght. 

.88 

Dlstlnot. 

Slight. 

.88 

SUght. 

SUght. 

.42 

Slight. 

BUght. 

.82 

Diathict. 

SUght. 

.86 

Diatinct. 

SUght. 

.37 

V.  Blight. 

SUght. 

.34 

Diatinot. 

SUght. 

.63 

Blight. 

Slight. 

.60 

KxaiDUB  ov 
EVAPOBA- 

TION. 

• 

• 

e 
o 

i 

4.R6 

2.16 

4.06 

2.06 

4.75 

1.06 

4.00 

1.60 

3.10 

1.25 

3.65 

1.60 

4.10 

1.36 

4.00 

1.30 

4.50 

1.46 

3.80 

1.36 

4.70 

2.06 

4.60 

1.86 

Ammonia. 


Albmnlnoid. 


t 
I 

5 


.0080 
.0034 
.0080 
.0010 
.0002 
.0040 
.0000 
.0008 
.0012 
.0084 
.0008 
.0010 


.0260 
.0214 
.0234 
.0188 
.0220 
.0268 
.0260 
.0248 
.0262 
.0230 
.0208 
.0246 


.0224 
.0182 
.0214 
.0160 
.0174 
.0228 
.0206 
.0224 
.0248 
.0206 
.0240 
.0102 


00 


.0036 
.0032 
.0020 
.0028 
.0046 
.0040 
.0044 
.0024 
.0014 
.0024 
.0068 
.0064 


.66 
.66 
.68 
.62 
.68 
.60 
.62 
.60 
.63 
.62 
.68 
.02 


NmooBN 

AS 


I 


.0100 
.0160 
.0080 
.0030 
.0080 
.0030 
.0000 
.0000 
.0020 
.0030 
.0060 
.0060 


.0001 

.0001 

.0000 

.0001 

.0000 

.0001 

.OOOOi 

.0001 

.0000 

.0001 

.0002 

.0000 


■8 

a 

0 

s 

6 


M 

o 


.72 
.68 
.60 
.48 
.44 
.69 

.48 
.37 
.44 

.61 

.66 


s 

e 

1 

X 


1.8 
1.1 
1.6 
0.6 
1.0 
1.0 
1.0 
1.0 
1.8 
0.9 
1.0 
1.1 


Averages  by  Years, 


- 

1887* 

- 

- 

.67 

4.02 

1.61 

.0016 

.0289 

- 

. 

.43 

.0044 

— 

. 

. 

- 

1888 

- 

- 

.33 

3.48 

1.40 

.0026 

.0287 

- 

- 

.45 

.0082 

.0001 

- 

- 

- 

1880 

- 

- 

.23 

2.96 

1.14 

.0014 

.0241 

.0190 

.0061 

! 
.41 

.0048 

.0001 

- 

- 

18^ 

- 

- 

.36 

3.67 

1.35 

.0013 

.0227 

.0179 

.0048 

.42 

.0088 

.0001 

- 

1.0 

1891 

- 

- 

.42 

3.26 

1.30 

.0006 

.0241 

.0183 

.0068 

.40 

.0066 

.0001 

- 

0.7 

- 

1892 

- 

- 

.48 

3.73 

1.66 

.0016 

.0299 

.0227 

.0072 

.47 

.0092 

.0001 

- 

1.0 

- 

1898 

- 

- 

.76 

4.21 

1.63 

1.0062 

.0299 

.0218 

.0081 

.51 

.0059 

.0001 

.63 

1.0 

- 

1894 

- 

- 

.76 

4.47 

1.88 

.0063 

.0292 

.0242 

.0060 

.67 

.0076 

.0001 

.63 

1.1 

- 

1896 

- 

- 

.60 

6.06 

2.12 

.0031 

.0294 

.0222 

.0072 

.70 

.0063 

.0001 

.62     1.4 

- 

1896 

- 

- 

.46 

4.22 

1.66 

.0018 

1 

.0243 

.0208 

.0086 

1 

.68 

1 

.0047 

.OOOll 

1 

.66     1.1 

*  June  to  December. 


NoTB  to  aoalyeee  of  1896 :  Odor,  generally  vegetable,  •ometimtfi  also  moaldy  or  graaay,  rarely  none. 

The  eamplee  were  collected  from  the  pond,  near  the  gate-house,  1  foot  beneath  the  surface.    For 

monthly  height  of  water  in  this  pond,  see  page  219. 
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'  LYNN  AND  SAUGUS. 

Microscopical  Examination  of  Water  firom  Birch  Pond,  Lynn, 

[Number  of  organiimi  per  oablo  oentlmeter.] 


18»«. 

Ian. 

Feb. 

Mar. 

Apr. 

May. 

1 
Jane.  Jnly. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

Day  of  examinaUon, 

Number  of  sample, .... 

l« 
15879 

13 

10048 

11 
18227 

15 
18404 

13 

10582 

10 
10752 

15 
10077 

12 
17108 

0 
17879 

8   12 
17607  17827 

10 

18084 

PLANTS. 
DlatoxnaceaB,    . 

Acterlonella, 
Cyclotella, . 
Dlatoma,    . 
Fragilaria, .       . 
Meloeira,    . 
Naylcnla,    . 
Synedra,    .       . 
Tabellaria, 

Cyanophyceas, 

Anabnoa,  . 
Mlerocyetii, 

Botrycoecue,     . 
Chlorocoocae,    . 
Protococcae, 
Bapbidlnm, 
Staarattram, 

Funflrl*  Crenothrlx, 


14a 

m 

152 

580 

2,819 

36 

788 

66 

96 

104 

92 

40 

112 

102 

428 

72 

1 

132 

0 

0 

10 

8 

32 

0 

0 

0 

0 

0 

512 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

8 

04 

128 

40 

148 

2,700 

0 

0 

0 

0 

14 

00 

4 

4 

20 

0 

44 

85 

144 

00 

00 

48 

12 

0 

0 

0 

0 

0 

3 

0 

18 

65 

14 

0 

0 

0 

0 

0 

0 

0 

0 

13 

00 

14 

0 

0 

0 

0 

0 

0 

3 

0 

0 

5 

0 

0 

18 

0 

5 

10 

34 

0 

40 

19 

24 

6 

5 

0 

0 

0 

0 

0 

0 

0 

4 

0 

2 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

2 

4 

2 

0 

10 

0 

5 

10 

25 

0 

42 

5 

11 

0 

5 

0 

0 

0 

0 

1 

0 

4 

8 

0 

2 

0 

0 

1 

0 

5 

0 

0 

0 

0 

0 

0 

0 

8 
0 
0 
0 
0 
0 
84 
1 


0 
0 


0 
0 

1 

0 
0 


ANI^LS. 
Blllzopoda,  Aetlnophrys, . 


InftL8orla« 


DlnobryoD, 

Mallomonaa, 

Peridlninm, 

Phacne, 

Tracbolomonaa, 


Vermes, 


Anurea, 
Asplaocboa, 
Routorlao  ova, . 
Kotifer,      . 


Onistacoa,  Daphnia, 


1 

0 

0 

0 

0 

18 

8 

26 

29 

6,800 

0 
6 
8 

0 

1 

7 
0 
1 
0 
0 

24 
0 
2 
0 
0 

22 
0 
5 
0 
2 

0,800 
0 
0 
0 
0 

2 

0 

0 

10 

1 

0 
0 
2 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

1 

0 
0 

0 
0 
0 

1 

.02 

0 

0 

0 

0 

9 

0 
1 

1 

7 
0 


0 
0 
0 

1 


0 

0 

0 

4 

46 

501 

17 

10 

44 

44 

500 

0 

24 

0 

0 

0 

0 

0 

1 

2 

4 

0 

0 

0 

0 

2 

0 

2 

10 

0 

0 

0 

1 

0 

0 

0 

0 

0 

.  0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

8 

0 
0 
6 
0 
3 


0 
0 
0 
0 


Miseellatuaut, 

Acarina, 
Zodglcea, 


Total, 


0 

40 

40 

0 

20 

10 

10 

20 

50 

20 

20 

10 

.00 

.10 

.02 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 
188 

40 

40 

0 

20 

10 

10 

20 

50 

20 

20 

10 

203 

323 

034 

0,074 

59 

890 

010 

253 

154 

100 

112 
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LYNN  AND  SAUGUS. 

Chemical  Examination  of  Walerfrom  Walden  Pond,  Lynn, 

[Parte  per  100,000.] 


Date  of  Collection. 

Apfkabakcr. 

RasiDua  ON 

EVAPOSA- 
TION. 

Ammonia. 

• 

1 

NITROOBN 
AS 

• 

m 

e 

8 

1 

O 

Tnrbldlty. 

1 

o 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

• 

f 

• 

m 

Si 
1 

u 

a 

a 

I 

1 

1 
si 

00 

• 

m 

s 

c 

1 

3: 

10229 

Mar.  10 

Diatinet. 

Slight. 

0.50 

8.30 

1.45 

.0008 

.0244 

.0190 

.0054 

.35 

.0030 

• 

.0000 

0.40 

0.6 

10407 

Apr.l4 

Dlatinot. 

SUght. 

0.38 

2.05 

1.20 

.0000 

.0186 

.0164 

.0022 

.34 

.0020 

.0000 

0.44 

0.3 

16584 

May  12 

Diatinot. 

Slight. 

0.38 

3.06 

1.15 

.0026 

.0220 

.0194 

.0020 

.44 

.0020 

.0000 

0.44 

0.5 

10754 

Jane  0 

DiaUnet, 

SUght, 

0.00 

3.10 

1.35 

.0106 

.0312  .0288 

.0024 

.38 

.0030 

.0001 

0.71 

0.7 

10980 

Jaly  14 

graan. 
DlsUnot. 

grean. 
Slight, 

1.00 

3.05 

1.90 

.0004 

.0346.0292 

.0054 

.43 

.0000 

.0001 

1.30 

0.6 

17171 

Ang.ll 

Distinct. 

grean. 
Conf. 

1.25 

4.35 

2.40 

Lo042 

.0468.0404 

.0064 

.46 

.0000 

.0000 

1.16 

0.6 

Averages  by  Tears, 


1890 

- 

- 

1.06 

4.98 

2.63 

.0292 

.0432 

.0351 

.0081 

M 

.0067 

.0001 

-> 

1891 

- 

- 

1.21 

4.32 

2.20 

.0058 

.0616 

.0403 

.0212 

.34 

.0091 

.0001 

- 

1892 

- 

- 

0.90 

4.81 

2.50 

.0094 

.0626 

.0383 

.0248 

.41 

.0116 

.0001 

- 

1898 

- 

- 

0.92 

4.33 

2.40 

.0066 

.0470 

.0809 

.0161 

.44 

.0047 

.0001 

0.80 

1804* 

- 

- 

0.94 

3.95 

2.06 

.0056 

.0846 

.0240 

.0106 

.47 

.0015 

.0000 

0.79 

1805t 

- 

- 

0.91 

3.98 

2.02 

.0125 

.0368 

.0262 

.0106 

.61 

.0043 

.0001 

0.74 

1896 

- 

- 

0.68 

3.45 

1.67 

.0081 

.0296 

.0255 

.0041 

.40 

.0017 

.0000 

0.76 

1.1 

0.7 
0.6 
0.7 
0.5 
0.7 
0.6 


*  January  to  Jane. 


t  May,  Jnna  and  July. 


Note  to  analyses  of  1896 :  Odor,  distinctly  vegetable  and  sometimes  mouldy  or  grassy. Th« 

samples  were  oolleoted  from  the  pond,  near  the  gate-honse,  1  foot  beneath  the  surface.    For  monthly 
height  of  water  in  this  pond,  see  page  219. 


No,  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


213 


liYNN  AND  SAUGUS. 

Microscopical  ExamincUion  of  Water  from  Walden  Pond,  Lynn, 

[Number  of  orgAoiBina  per  cubic  centimeter.] 


Day  of  examiofttioD, 
Number  of  lample. 


PLANTS. 


Diatomaceee, 

Aiterlonella, 
SvDedra,  . 
Tabellaria, 


Cyanophyceee,  Olathrocystie, 


Alfiras, 


Arthrodesmae, 
ProtoeoccQs,  . 
Rapbidlam,  . 
Btaarattmm,  . 


1806. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

11 

10220 


16 
10407 


18 
16684 


10 
16764 


120 

116 
0 
4 


0 
1 
0 
0 


850 

816 

2 

32 


0 
0 

1 

0 


100 

06 
0 
4 


87 

28 
4 

4 
1 


16 
16080 


0 
1 
0 


64 

0 

64 

0 

0 


14 

6 
0 
8 


0 
0 
0 
0 


12 
17171 


2 
1 
0 


219 

0 

212 

0 

7 


ANIMALS. 
Bhizopoda,  Aroella, 


Infusorial 


DinobryoD, 
DiDobryon  casea, 
Baglena,  . 
Peridinium,     . 
Bapbldomonaa, 
Tracbelomonaa, 
Urogieoa, 


Vermes, 


AngniUala, 

Aaplancbna, 

Polyartbra, 


Crustacea, 


Boemtna, 
Cyclops, 


70 

83 
0 
0 

86 
0 
1 
0 


0 
0 
0 


0 
0 


321 

228 
82 
1 
60 
0 
0 
0 


12 

0 
0 
0 
0 
0 
0 
3 


0 
0 
0 


0 
0 


0 
0 
0 


.06 

.02 
.04 


0 
0 
0 
0 
0 
0 
0 


1 

0 
0 


0 
0 


76 

0 
0 
76 
0 
0 
0 
0 


0 
0 
0 


0 
0 


0 
0 
0 
0 

1 

0 
0 


0 

1 

8 


0 
0 


MUc€llan€ou9, 


Acarlna, 
Zoogloea, 


5 

40 

80 

10 

5 

0 

.02 

.02 

0 

0 

6 

40 

80 

10 

6 

80 

.10 
80 


Total, 


106 


1,214 


220 


76 


06 


312 
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liYNN  AND  SAUGUS. 

Chemical  Examination 


of  Waier  from  Glen  Lewis  Pond^  Lynn, 

[Parte  per  100,000.] 


16881 
10045 
10228 
10106 
16583 
16753 
16979 
17170 
17881 
17590 
17829 
18036 


1 

•s 


1806. 

Jan.  14 

Feb.  11 
Mar.  10 
Apr.  14 
May  12 
June  9 
July  14 
Aug.ll 
Sept.  8 
Oct.  7 
Nov.  10 
Deo.  8 


Appeasancb. 


•3 

1 


s 
o 


p 

o 


Distinct. 
Distinct. 
Distinct. 
Distinct. 
Distinct. 

Distinct, 

green. 
Decided, 

green. 
Decided, 

green. 
Decided, 

green. 
Distinct. 

Distinct, 

green. 

Distinct. 


Slight. 
Blight. 
V.  slight. 
SUght. 

Blight, 

green. 
Slight, 

green. 
Cons. 

Cons., 

green. 
Cons. 

Blight, 

green. 
Slight, 

green. 
BUght. 


.88 

.80 
.28 
.25 
.28 
.50 
.55 
.62 
.37 
.25 
.35 
.33 


Rrsidub  on 

EVAPORA- 
TIOM. 

1 

IS  on 
Ignition. 

I 

J 

8.55 

1.85 

3.15 

1.65 

3.20 

1.30 

2.76 

0.95 

2.70 

1.40 

3.10 

1.60 

4.90 

2.70 

4.65 

2.60 

5.10 

2.60 

4.10 

2.30 

3.95 

2.20 

3.75 

1.85 

Ammohia. 


Albuminoid. 


3 


• 

1 

• 

s 

•  s 

Q 

00 

.0118 
.0034 
.0008 
.0000 
.0034 
.0178 
.0098 
.0042 
.0016 
.0058 
.0116 
.0112 


.0250 
.0152 
.0188 
.0188 
.0260 
.0408 
.2136 
.0710 
.0750 
.0492 
.0824 
.0354 


.0222 
.0130 
.0144 
.0120 
.0162 
.0324 
.0662 
.0888 
.0472 
.0400 
.0848 
.0304 


.0028 
.0022 
.0044 
.0068 
.0098 
.0174 
.1474 
.0322 
.0278 
.0092 
.0476 
.0050 


9 

a 

i 


.44 

.30 
.40 
.37 
.43 
.42 
.38 
.47 
.48 
.45 
.49 
.50 


KITBOOBN 
AS 


s 


.0030 
.0070 
.0020 
.0020 
.0020 
.0050 
.0000 
.0030 


.0002 
.0002 
.0001 
.0000 
.0000 
.0001 
.0001 
.0000 


a 

0 

m 

c 

6 

I 

I 

o 


.0050  .0001 


.0050 
.0050 
.0080 


.0002 
.0003 
.0001 


.45 
.44 

.32 
.26 
.32 
.50 
.63 
.70 
.46 
.56 
.51 
.53 


9 

a 

9 


0.2 
0.2 
0.2 
0.6 
0.2 
0.2 
0.6 
0.5 
0.4 
0.6 
0.8 
0.5 


Averages  by  Years, 


. 

1890 

- 

- 

.76 

4.84 

2.21 

.0412 

.0446 

.0327 

.0118 

.36 

.0063 

.0001 

- 

1.0 

- 

1891 

- 

- 

.63 

3.90 

1.75 

.0328 

.0484 

.0324 

.0160 

.34 

.0124 

.00021 

- 

0.6 

- 

1892 

- 

- 

.62 

3.95 

1.95 

.0127 

.0475 

.0332 

.0143 

.40 

.0193 

.0002 

- 

0.6 

- 

1898 

- 

- 

.64 

3.81 

2.14 

.0112 

.0729 

.0329 

.0400 

.42 

.0040 

.0002 

.60 

O.ft 

- 

1894 

- 

- 

.86 

3.81 

1.89 

.0107 

.0406 

.0297 

.0198 

.44 

.0023 

.0001 

.09 

0.6 

- 

1895 

- 

- 

.42 

3.77 

1.65 

.0063 

.0381 

.0246 

.0135 

.60 

.0085 

.0001 

.54 

0.7 

• 

1896 

- 

- 

.36 

8.74 

1.91 

.0068 

.0667 

.0306 

.0261 

.43 

.0039 

.0001 

.47 

0.4 

Nora  to  analyses  of  1896 :  Odor,  generally  distinctly  vegetable  and  f  requenUy  sweet  and  grassy. 

The  samples  were  collected  from  the  pond,  near  the  gate-house,  1  foot  beneath  the  surface.    7or  monthly 
height  of  water  in  this  reservoir,  see  page  219. 
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liYKN  AND  SAUGUS. 

Microscopical  Examination  of  Water  from  Glen  Lewis  Fond,  Lynn, 

[Namber  of  organisms  p«r  eabio  centimeter.] 


Day  of  examination, 
Number  of  sample, . 


Oyelops,  . 
Daphnia,  . 
Entomostraean  ova,  • 


MUcellaneou9, 

Aearlna, 
Zodglosa, 


TOTAl^ 


18»«. 


Jan. 


10 
16881 


Feb. 


Mar. 


13 
lfl046 


11 
10228 


Apr. 


May. 


Jane. 


15 
16406 


13 
16688 


10 
16763 


Jnly. 


15 

16079 


Aoff. 


Sept 


Oct. 


Not. 


12 

17170 


0 
17881 


8 
17600 


12 
17820 


Dee. 


10 
18086 


PLANTS. 

Dlatoxnacese,    .      .      .      . 

Asteriooella,      .       .       .       . 

MeloBlra, 

Synedra, 

Tabellaria,        .       .       .       . 

Cyanophyceee 

Anabnna 

Olathrocystia,    .       .       .       . 

OoBloepbaeriam, 

Microcystis,       .       .       .       . 

AlfiTce 

Artbrodesmns,  .... 

Ooelastrum,  .  .  .  . 

Oosmarium,  .  .  .  . 

Micrssterlas,  .  •  .  . 

Protococcns,  .  .  .  . 

Raphldinm,  •  .  .  . 

Bcenedesmus,  •  .  .  . 

Selenastmm,  •  .  •  . 

Staarastmm,  .  •  .  . 

Btaarogenia,  •  .  .  . 


ANIMALS. 
Bhlzopoda,  Difflngia, 

Infusoria, 

Dinobryon,        .       .       •       . 

Bofflena, 

MaUomonas 

Monas 

Peridinlum,       .       .       •       • 

Synnra, 

Trachelomonas, 

Vermes,  Annrea, 


Crustacea, . 


186 

70 

ts 

183 

60 

28 

0 

0 

0 

0 

0 

0 

2 

1 

0 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

71t 

680 

14 

8 

10 


9 

0 
0 
0 
0 


19 

1 
0 
0 
0 
16 
2 
0 
0 
0 
0 


84 
2 
S 

4 


181 

164 

17 

0 

0 


84 

76 
0 
0 
0 
0 
0 
0 
0 
0 
8 


0 
3 
0 
2 


114 

64 

46 

4 

0 


267 

52 
0 

80 
7 

18 
0 
0 

43 

64 
8 


82 

0 

0 

0 

32 


8,700 

2,700 

1,000 

0 

0 


0 
0 
0 
0 

4 
0 
0 
0 
0 
0 


0 
0 
0 
0 


244 

68 

168 

8 

0 


24 

0 
0 
4 

0 
0 
0 
0 
0 
20 
0 


800 
0 
6 
0 
76 
4 
1 


1.078 


712 

564 
1 
0 
0 

144 
3 
0 


0 
0 
0 


27 

0 
2 
0 
0 
28 
2 
0 


0 
0 
0 


104 

0 
0 
0 
0 
104 
0 
0 


.02 

.02 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 
0 
2 


.18 

.10 
.04 
.02 


40 

40 

80 

100 

(^ 

0 

0 

0 

40 

40 

80 

100 

823 


01 


926 


458 


60 

.28 
60 


448 


0 

0 
0 
0 
0 
0 
0 


0 
0 
0 


20 

0 

20 


3,756 


0 
0 
0 
0 
0 
0 
0 


.08 

0 

.08 

0 


584 

112 

472 

0 

0 


280 

24 

216 

86 

4 


672 

28 

16 

4 

0 

0 

4 

12 

0 

608 

0 


1,166 

18 

1.140 

4 

4 


4 

22 
8 
4 


82 

0 
0 
0 
0 
20 
2 
4 
4 
2 
0 


82 

0 
0 
0 
0 
0 
0 
82 


58 

0 
0 
0 
0 
2 
0 
56 


.04 

.04 
0 
0 


848 

64 

284 
0 
0 


10 

0 
3 
4 

3 


0 
0 
0 
0 
3 

84 
0 

16 
4 

32 


79 

15 
4 

0 
8 

0 

0 

62 


0 
0 
0 


40 

0 
40 


308 


120 

.20 
120 


1,688 


1,296 


40 

0 
40 


616 


0 
8 
0 
1 


0 
4 

0 
1 


0 
0 
0 
0 

1 

0 
0 
0 

0 

1 


604 

520 
0 
0 
0 

40 
0 

44 


0 
0 
0 


20 

0 
20 


687 
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LYNN  AND  SAUGUS. 

Chemical  Examination  of  Water  from  the  Saugus  River  at  HowletVs  Dam,  Saugus. 

[Parti  per  100,000.] 


s 

8 


I 


Appxaxajios. 


i 


rr8idus  oh 
Etaposa- 

TIOH. 


I 


16882 
10046 
10280 
10408 
16585 
16765 
16981 
17172 
17882 
17601 
17880 
18037 


1806. 

Jan.  14 

Feb.  11 
Mar.  10 
Apr.  14 
May  12 
Jane  9 
July  14 
Ang.ll 
Sept.  8 
Oct.  7 
Nov.lO 
Dec.  8 


Slight, 

milky. 
DlstlDct, 
clayey. 
SUgbt. 

V.sllgbt. 

Distinct. 

Blight. 

DlltlDCt. 

Slight. 
SUght. 
V.  alight. 
BUght. 
V.sllgbt. 


Slight. 

SUgbt, 

earthy. 
Blight. 

Slight. 

Blight. 

Blight. 

Slight, 

browD. 
BUght. 

Slight. 

BUght. 

Slight. 

SUgbt 


0.70 
0.70 
0.70 
0.68 
1.20 
l.SO 
0.93 
0.90 
0.70 
1.40 
1.15 
0.88 


8.00 
5.20 
5.46 
5.20 
7.25 
8.15 
4.45 
9.20 
10.60 
9.05 
9.10 
8.40 


I 


3 


2.75 
1.95 
2.40 
2.25 
8.65 
8.55 
1.85 
3.00 
8.20 
8.50 
8.70 
8.20 


Ammonia. 


Albuminoid. 

• 

1 

■d 

i 

^ 

s 

49 

fi 

o 

Jl 

aot 

>i 

H 

ft 

00 

.0266 
.0032 
.0008 
.0018 
.0000 
.0056 
.0064 
.0084 
.0018 
.0074 
.0022 
.0050 


.0244 
.0220 
.0196 
.0226 
.0440 
.0442 
.0878 
.0408 
.0412 
.0482 
.0888 
.0282 


.0206 
.0190 
.0184 
.0214 
.0858 
.0410 
.0282 
.0376 
.0370 
.0444 
.0372 
.02461 


.0038 
.0080 
.0012 
.0012 
.0082 
.0032 
.0096 
.0032 
.0042 
.0088 
.0016 
.0036 


I 


NlTBOOBM 
AS 


I 


s 


1.00 
0.51 
0.58 
0.52 
0.83 
0.86 
0.42 
1.26 
1.19 
1.01 
1.18 
1.02 


I 

0 

m 

a 

6 


I 


.0600 

.0010 

0.68 

.0150 

.0003 

0.65 

.0080 

.0001 

0.67 

.0070 

.0005 

0.66 

.0080 

.0008 

1.07 

.0080 

.0001 

1.15 

.0000 

.0002 

- 

.0000 

.0001 

0.88 

.0150  .0004 

0.72 

.0050  .0010 

1.63 

.0300.0003 

1.13 

.0500 

.0002 

1.14 

2.7 
2.0 
1.8 
1.8 
2.5 
8.2 
1.1 
8.6 
8.8 
3.6 
8.1 
8.0 


Averages  by  Years. 


- 

1894 

- 

- 

1.16 

8.68 

8.86 

.0056 

.0310 

.0272 

.0088 

1.03 

i 
|. 0112  .0014  0.95 

3.6 

- 

1895 

- 

- 

1.29 

8.83 

3.62 

.0064 

.0881 

.0349 

.0082 

0.94 

.0125 

.0003';  1.81 

3.1 

- 

1896 

- 

- 

0.94 

7.50 

2.92 

.0058 

.0348 

.0804 

.0030 

0.86 

.0168 

1 

.0004  0.93 

2.7 

NoTB  to  analyses  of  1896:  Odor,  distinctly  vegetable  and  mouldy. The  samples  were  collected 

from  the  river,  at  Hewlett's  Dam. 


Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  51. 
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L.YNN  AND  SAUGU8. 

Chemical  Examination  of  Water  firom  the  Sangus  River  at  the  Line  between  Saugus 
and  Wakefield^  and  Just  above  the  Point  where  it  is  joined  by  the  Branch  from 
Wakefield  Centre, 

[ParU  per  100,000.] 


I 

a 

9 

9^ 


I 

O 

2 


iste. 

15883!  Jan.  14 


10047 
16231 


F«b.  11 


Mar.  10 

16409)  Apr.  14 

I 
1WS6  May  12 

I 
16756|  June  9 

10982;  July  14 

17173  Aug.ll 

17383!  Sept.  8 

I 
17600  Oct.    7 


17831 
18038 


Not.  10 
Dec.  8 


Aptbabahcs. 


SUgbt. 

Distinct, 
clayey. 
SUght. 

V.  alight. 

Blight. 

V.  slight. 

Blight. 

Distinct. 

V.sUght. 

V.  slight. 

V.sUght. 

V.  slight. 


8 


Slight. 

Slight, 

earthy. 
Slight. 

Slight. 

Blight. 

Saight. 

SUght. 

Oons. 

SUght. 

Cons. 

Blight. 

Slight. 


1.05 
0.80 
0.70 
0.68 
1.70 
1.40 
1.00 
1.33 
1.80 
1.40 
1.26 
1.20 


RXSXDnE  CM 

EVAPOSA- 

TIOV. 

1 

.1 

fa 

r 

6.55 

3.00 

4.75 

2.05 

5.10 

2.55 

4.50 

2.25 

7.35 

3.45 

7.80 

3.65 

8.45 

2.90 

9.75 

3.85 

11.30 

4.90 

7.85 

8.50 

8.15 

3.75 

8.10 

3.70 

AMMOiriA. 


AlbamlnoUL 


i 


.0042 
.0004 
.0000 
.0010 
.0026 
.0028 
.0028 
.0068 
.0012 
.0004' 
.0004 
.0036 


.0310 
.0206 
.0234 
.0226 
.0372 
.0450 
.0360 
.0416 
.0548 
.0456 
.0432 
.0440 


.0264 
.0164 
.0220 
.0196 
.0356 
.0408 
.0846 
.0886 
.0480 

.0480 
.0410 
.0202 


.0046 
.0042 
.0014 
.0030 
.0016 
.0042 
.0014 
.0030 
.0068 
.0026 
.0022 
.0238 


.59 
.42 
.52 
.40 
.74 
.61 
.42 
.76 
.50 
.78 
.70 
.66 


NiTBOQKN 

▲s 


I 


.0080 
.0000 
.0050 
.0000 

.0030 
.0050 
.0000 
.0000 
.0070 
.0080 
.0050 
.0080 


.0000 
.0002 
.0000 
.0000 
.0000 
.0001 
.0008 
.0002 
.0001 
.0001 
.0001 
.0001 


1.05 
0.70 
0.68 
0.70 
1.33 
1.45 
1.86 
1.52 
1.48 
1.53 
2.17 
1.32 


2.6 
1.7 
0.7 
1.6 
2.3 
3.2 
4.2 
4.3 
4.1 
3.1 
2.9 
3.2 


Averages  by  Years, 


II 
1.18    7.71 

3.00 

.0017 

.0287 

.0260 

.0027 

.02 

.0038.0000 

1.01 

1.39    7.70 

3.37 

.0024 

.0369 

.0836 

.0023 

.71 

.0043 

.0001 

1.43 

1.19  1  7.47 

3.29 

.0022 

.0371 

.0322 

.0049 

.60 

.0032 

.0001 

1.27 

3.2 
3.2 
2.8 


NoTB  to  analyses  of  1896:  Odor,  distinctly  vegetable  and  mouldy. The  samples  were  collected 

from  the  Sangns  River,  at  a  road^rosslng  above  Hewlett's  Pond,  just  above  the  point  where  the  river  is 
joined  by  the  branch  from  Wakefield  Oentre. 


Microscopical  Examination. 

The  average  nnmbe/of  organisms  per  cubic  centimeter  found  in  these  samples  was  47. 
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liYNN  ANB  SAUGUS. 

ChemiccU  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  from  the  Lynn 

Water  Works, 


[Parts 

per  100,000.] 

1 

APPBABAjrOB. 

Rbsidub  ok 

EVAPOKA- 
TION. 

Ammonia. 

d 

KiTBOOBN 
AS 

• 

a 

a 
m 

a 

6 

• 

1 

a 
% 

Albominoid. 

• 

! 

1 

a 

'i 

•6 

• 

S 

&5 

1 

§ 

1 

o 

B 

1 

Loss  on 
Ignl 

• 

1 

> 
1 

s 

00 

a 

i 

e 

m 

1 

M 

o 

e 
o 

1 

iste. 

15884 

Jan. 14 

SUgbt. 

Sligbt. 

1.00 

4.75 

2.35 

.0080 

.0226 

.0210 

.0010 

.43 

.0070 

.0001 

.88 

1.1 

16048 

Feb.  11 

DIeUnct, 
clayey. 

8Ught» 
eartby. 

0.50 

4.00 

1.50 

.0008 

.0^146 

.0182 

.0014 

.89 

.0130 

.0001 

.55 

1.1 

16410 

Apr.  14 

V.eligbt. 

SUgbt. 

0.87 

3.56 

1.45 

.0030 

.0188 

.0126 

.0012 

.41 

.0030 

.0000 

.46 

1.0 

16587 

May  12 

Dietinct. 

Slight. 

0.55 

4.30 

1.00 

.0010 

.0202 

.0182 

.0020' 

.67 

.0050 

.0000 

1.56 

1.4 

16757 

June  9 

DIetlnct. 

Cons. 

0.50 

4.05 

1.66 

.0002 

.0248 

.0204 

.0044< 

.43 

.0080 

.0001 

.56 

1.6 

10083 

July  14 

Distinct. 

Oons., 
rusty. 

0.60 

4.10 

1.60 

.0000 

.0224 

.0192 

.0032 

.50 

.0000 

.0001 

— 

1.3 

17174 

Aog.ll 

Sligbt. 

SUgbt. 

0.05 

4.50 

1.95 

.0018 

.0324 

.0292 

.0032 

.48 

.0070 

.0000 

.92 

1.0 

17384 

Sept.  8 

V.  sUgbt. 

Cons. 

0.30 

5.85 

1.80 

.0008 

.02t2 

.0130 

.0086 

.64 

.0070!. 0001 

,.38 

1.7 

17602 

Oct.   7 

V.eligbt. 

Cons. 

0.30 

4.40 

1.30 

.0000 

.0208 

.0184 

.0024 

.59 

.00301.0002 

1.88 

1.7 

17882 

Nov.  10 

Slight. 

Cons. 

0.42 

4.65 

1.00 

.0000 

.0204 

.0084 

.0120 

.62 

.0070 

.0000 

.54 

1.6 

18030    Deo.  8 

SUgbt. 

Slight. 

0.42 

4.00 

2.50 

.0006 

.0250 

.0226 

.0024 

.56 

.0090 

.0001 

.63 

1.2 

1 

Averages  by  Years, 


1894 

0.76 

4.60 

1.95 

.0023 

.0216 

.0194 

.0022 

.67 

1895 

• 

. 

0.78 

5.12 

2.14 

.0017 

.0225 

.0195 

.0030 

.65 

1896 

- 

- 

0.54 

4.41 

1.79 

.0015 

.0217 

.0179 

.0038 

.51 

.00651.0001 
.0102  .0001 


.62 
.84 


.0063.0001  .58 


1.3 
1.7 
1.3 


NoTB  to  analyses  of  1890:  Odor,  vegetable. The  samples  were  eoUeoted  from  a  faucet  In  tbe 


city. 


Microscopical  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  from  the 

Lynn  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample, 


1806. 


Jan. 


Feb. 


Apr. 


May. '  Jane. 


July. 


16 
15884 


13 
16048 


15 

16410 


14 

16587 


10 
16757 


16983 


Aug.!  Sept. 


12 


Oct.    Nov. 


Dec 


8 


12  !    10 


17174  17884  17602 17832|18039 


PLANTS. 

Diatomaceas,    . 
Asterionella,     . 


Cvdotella, 
Meloslra,  . 
Synedra,  . 
Tabellaria, 


Alfir»>     • 

Protoooccus, 

Bapbidlum, 

Selenastrum, 

Staurastrum, 

Zoospores, 


a 

6 

47 

5 

4 

84 

0 

0 

0 

0 

0 

0 

3 

1 

13 

0 

1 

0 

a 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

184 

44 

2 
46 
28 
14 

0 

0 
0 
0 
0 
0 


8 

2 
0 
0 
0 
1 


6 
0 
0 
0 
0 


78 

80 

20 

0 

2 

26 


0 
8 
0 
0 
0 


0 
0 
0 

1 

171 

IfO 
0 
8 
8 
0 


13 
0 
0 
6 

80 

IS 

6 

4 
0 
6 
0 


46 

0 
0 
0 
0 
46 

8 

0 
0 
0 

« 

0 


I 

8| 

0  I 

0 

0 

2  I 

8  I 

8 

0 
0 
8 
0 
0 


a 

0 
0 
0 

« 

2 

t 

2 
0 
0 
0 
0 
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JjYTSTN  anb  saugus. 
Microscopical  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  from  the 

Lynn  Water  Works  —  Concluded. 

[Namber  of  organlsmi  per  onblo  ceDtimeter.] 


1806. 


Jan. 


Feb. 


AprlL 


May. 


Jane. 


July. 


Ang. 


Sept 


Oct. 


Not. 


Dec. 


ANIMALS. 
Bhlzopoda,  DifElagia, 


Infusoria, 


Dlnobryon, 

Euglena,    . 

MallomoDat, 

Monas,  • 

Perldlnium, 

RapbidomoDas, 

Trachelomonas, 


Vermes, 


Anorea, 
Aeplanchna, 
Rotatorian  OTa, 


Crustacea, 

Boemina, 
Cyclops, 


118 

116 
0 
0 
0 
2 
0 
0 


0 
0 
0 


.02 

0 
.02 


0 
0 
0 
0 
2 
0 
0 


0 
0 
0 


0 
0 


0 
0 
0 
0 
4 
0 
0 


5 
0 
0 


0 
0 


8 

8 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 


80 

12 
12 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 


25 

0 
0 
0 
0 
0 
6 
20 


0 
0 
0 


0 
0 


0 
0 
0 
2 
0 
0 
5 


0 
0 
8 


.06 

0 
.06 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


.02 

.02 
0 


10 

0 
0 
2 
0 
0 
0 
8 


0 
2 
0 


0 
0 


152 

136 
0 

4 
0 
4 
0 
8 


0 
0 
0 


0 
0 


MUcellaneou*, 


Acarina,     . 
Bponge  epicalee, 
Zooglosa,    . 


Total, 


0 

10 

80 

61 

20 

10 

60 

2 

41 

60 

.02 

0 

0 

0 

0 

0 

.04 

.04 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

1 

0 

0 

10 

80 

60 

20 

10 

60 

0 

40 

60 

1 

134 

18 

136 

203 

29 

128 

267 

65 

03   88 

1 

0 
0 
5 


167 


Table  shounng  Monthly  Depth  of  Water  in  Feet  in  the  Ponds  and  Storage  Reservoirs 

of  the  Lynn  Water  Works  during  the  Tear  1896, 


DATE. 


Breed's  Pond. 

High  Water, 
21.60  Feet. 


1806. 

Jan.     1 

Feb.    1,  . 

Marcb  1 

April  1.  . 

May     1 

Jane  1, . 
July  1,. 
Aug.    1, . 

Sept.    1 

Oct.     ] 

Nov.  1, . 
Dec.     1, . 


20.21 
20.00 
21.42 
21.68 
20.64 
20.00 
19.00 
17.68 
16.02 
16.26 
16.76 
18.17 


Birch  Pond. 

HIghWater, 
21.80  Feet.» 


Walden  Pond. 

High  Water, 
17.00  Feet. 


10.83 
10.92 
21.60 
22.70 
22.71 
22.26 
21.67 
19.62 
18.04 
11.83 
7.75 
8.83 


Qlen  Lewis  Pond. 

High  Water, 
17.00  Feet* 


11.00 
14.83 
16.67 
16.00 
11.75 
7.08 


17.88 
17.87 
16.75 
17.68 
16.42 
17.00 
17.04 
16.02 
16.76 
17.08 
17.60 
17.17 


*  The  water  in  these  ponds  is  sometimes  raised  somewhat  above  ordinary  high  water. 
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MALJ>£N,  MEDFOBD  AND  MELROSE. 

Water  Supply  of  Malden,  Medford  and  Melrojse. 

The  water  of  Spot  Pond  was  at  high-water  level  in  April,  1896,  for 

the  first  time  since  April,  1891.     The  filling  of  the  pond  was  due  to  the 

decrease  in  the  draft  from  it  caused  by  the  use  of  water  from  auxiliary 

sources  of  supply  introduced  by  the  municipalities  using  water  from  the 

pond. 

Chemical  Eonaminaiion  of  Water  from  Spot  Pond^  Sioneham, 

[Parte  per  100,000.] 


a 

1 

Appbabakce. 

RB8IDDB  OK 

EVAPOBA- 

TION. 

AmfONiA. 

6 

a 

•c 

o 
§ 

.54 

NlTBOOBN 
AB 

Oxygen  Consumed.    1 

• 

t 

1 

1 

c 

o 
*© 
O 

1 

Lois  on 
Ignition. 

• 

Albuminoid.  | 

1 

• 

i 

1 

1 

§ 

2: 

H 

• 

1 

Sus> 
pended. 

• 

8 

a 

15859 

18t6. 

Jan.  7 

Slight. 

SUght. 

.40 

5.50 

1.95 

.0022 

.0212 

.0200 

.0012 

.0100 

.0001 

.56 

1.0 

16020 

Feb.  4 

y.sUght. 

Slight. 

.42 

6.05 

2.25 

.0080 

.0216 

.0198 

.0018 

.54 

.0100 

.0001 

.58 

2.2 

10202 

Mar.  3 

V.tUght. 

Slight. 

.40 

5.50 

1.75 

.0048 

.0184 

.0168 

.0016 

.56 

.0080 

.0000 

.51 

1 

2.0 

10875 

Apr.  6 

SUgbt. 

SUght. 

.40 

4.90 

1.60 

.0052 

.0220 

.0200 

.0020 

.48 

.0100 

.0000 

.52 

2.0 

16557 

May  7 

DlltlDOt. 

SUght. 

.38 

4.80 

1.60 

.0084 

.0298 

.0284 

.0014 

.60 

.0050 

.0000 

.59 

1.8 

16559 

May  5 

Slight. 

Cone. 

.88 

4.85 

1.85 

.0094 

.0216 

.0196 

.0020 

.58 

.0020 

.0002 

.48 

1.8 

16738 

Jane  2 

DiltlDOt. 

SUght. 

.47 

5.40 

2.85 

.0292 

.0846 

.0298 

.0048 

.58 

.0080 

.0002 

.71 

2.1 

17009 

Jnly  6 

Slight. 

Cods. 

.86 

5.15 

1.70 

.0062 

.0216 

.0184 

.0032 

.57 

.0000 

.0000 

.57 

1.7 

17140 

Aug.  4 

Slight. 

Cons. 

.35 

5.90 

2.40 

.0010 

.0808 

.0240 

.0068 

.58 

.0080 

.0000 

.64 

2.1 

17854 

Sept.  2 

DiatlDot. 

Slight. 

.82 

5.75 

2.00 

.0016 

.0802 

.0234 

.0068 

.58 

.0000 

.0001 

.52 

1.9 

17619 

Oct.  7 

Slight. 

Cong. 

.80 

4.65 

1.75 

.0042 

.0242 

.0206 

.0086 

.56 

.0030 

.0000 

.51 

1.9 

17852 

Nov.  8 

Slight. 

Cods. 

.28 

5.25 

2.85 

.0266 

.0268 

.0218 

.0050 

.68 

.0080 

.0002 

.44 

1.9 

18214 

Deo.  12 

DiatiDct. 

Cons. 

.25 

4.80 

2.00 

1 

.0058 

.0202 

.0176 

.0026 

1 
.60 

1 

.0030 

.0008 

.44 

2.2 

Averag 

'c«  by  Years 

1887* 

- 

- 

.24 

1  4.24 

1.82 

.0004 

.0220 

- 

. 

.47 

.0025 

- 

- 

- 

- 

1888 

- 

- 

.22 

8.98 

1.24 

.0007 

.0225 

- 

- 

.44 

.0054 

.0001 

- 

- 

- 

1889 

- 

• 

.26 

1  8.54 

1.17 

1.0017 

.0286 

.0198 

.0088 

.44 

|.0058 

.0002 

1  " 

- 

- 

1890 

- 

1    ~ 

.22 

3.96 

1.24 

.0022 

.0228 

.0182 

.0041 

.48 

.0078 

.0001 

- 

1.7 

- 

1801 

- 

- 

.21 

8.70 

1.27 

.0008 

.0188 

.0161 

.0022 

.48 

.0082 

.0001 

- 

1.4 

- 

1892 

- 

- 

.17 

4.28 

1.80 

.0085 

.0198 

.0157 

.0041 

.50 

.0081 

.0001 

^ 

1.7 

- 

1898 

- 

- 

.29 

5.70 

1.71 

.0085 

.0197 

.0162 

.0035 

.49 

.0105 

.0003 

.38 

2.4 

- 

1894 

- 

- 

.23 

1  5.90 

1.68 

.0029 

.0210 

.0160 

.0050 

.57 

.0039 

.0001 

.86 

2.4 

- 

1896 

- 

- 

.25 

5.92 

2.02 

.0058 

.0219 

.0196 

.0023 

.61 

.0096 

.0000 

l.« 

2.4 

- 

1896t 

- 

- 

.86 

5.81 

1 
1 

1.98 

.0080 

.0248 

.0214 

.0034 

.57 

'.0047 

.0001, .51 

2.0 

*  May  to  December. 

t  Where  more  than  one  sample  was  coUeoted  in  a  month,  the  mean  analysis  for  that  month  has  been 
Qsed  in  malcing  the  average. 

Note  to  analvses  of  1896:  Odor,  distinctly  vegetable  and  mouldy,  occasionally  unpleasant. The 

samples  were  collected  from  the  pond.    For  monUily  height  of  water  In  the  pond,  see  page  222. 
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Microscopical  Examination  of  Water  from  Spot  Pond^  Stoneham. 

[Nomber  of  organljmi  per  oobie  ceBilmeter.j 


18»«. 

Jan. 

Feb. 

Mar. 

Apr 

May. 

May. 

June 

Jnly. 

Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

Dfty  of  examination, 
Nnmber  of  tample, 

11       11 

158G9 10020 

10        9 
10202 10875 

9       11 
10657 10659 

0 
10733 

17        7 
17000  17140 

8      10 
17354  17019 

13 
17852 

21 
18214 

PLANTS. 
DiatomaceeD,  . 

AiterioneOa,    • 

CyolotelU, 

FragiUrift, 

Meloalra,  .... 

Navieala,  .... 

Btephanodlacna, 

Srnedra,  .... 

Tabellaria, 

Oyanophycen, 

Anabsna. 
C<Bloaph»riam,       > 

Alff'ffi 

298 

08 

11 

0 

4 

2 

0 

22 

190 

0 

0 
0 

6 

0 
0 
5 

46 

84 
8 
0 
0 
0 
0 
2 
1 

0 

0 
0 

1 

0 
0 

1 

58 

44 

1 
0 
0 
1 
8 
0 
9 

0 

0 
0 

1 

0 
0 

1 

186 

120 
0 
0 
0 
0 
8 
8 
0 

0 

0 
0 

4 

0 
0 

4 

1,124 

380 

600 

8 

0 

0 

0 

108 

128 

2 

2 
0 

22 

0 

8 

14 

526 

332 

72 

0 

0 

2 

0 

82 

88 

0 

0 
0 

0 

0 
0 
0 

6 

0 
0 
0 
0 
0 
2 
0 
4 

0 

0 
0 

6 

0 
6 
0 

272 

0 
0 
0 
0 
0 
0 
0 
272 

0 

0 
0 

21 

0 

21 

0 

226 

0 

0 

0 

10 

1 

0 

8 

212 

8 

8 
0 

5 

0 
5 
0 

161 

1 
0 
0 
0 
0 
0 
4 
160 

0 

0 
0 

4 

0 
0 

4 

696 

360 
0 
0 
0 
0 
0 
0 

840 

20 

8 
12 

10 

8 
2 
0 

488 

00 
0 
0 
0 
2 
0 
0 
870 

0 

0 
0 

2 

0 
2 
0 

118 

90 
0 
0 
0 
2 
0 
2 

12 

4 

4 

0 

• 

Botryoocona,    . 
Protocooona,    . 
Bapbidlum, 

0 
0 
2 

AKIMAU 
Bhizopoda,  Act 

Infusoria.  . 

Oodonella, 

Dloobryon, 

Bnglena,  . 

Mallomonaa,     . 

Monaa, 

Perldlninm, 

Traehelomonaa 

Orustaoea. 

Boamlna,  . 
Oyelopa,   . 

B. 
Inophrya, 

»       .       . 

>  *       . 
»       .       . 

t       •       • 

>  .       . 

>  .       . 

0 

6 

1 
0 
0 

1 

0 
2 
1 

0 

0 
0 

0 

6 

0 
2 
0 
0 
0 
8 
1 

0 

0 
0 

0 

85 

0 
32 
0 
0 
0 
8 
0 

0 

0 
0 

2 

96 

0 
80 
0 
4 
0 
0 
2 

0 

0 
0 

0 

2 

0 
0 
0 
0 
2 
0 
0 

0 

0 
0 

0 

2 

0 

1 

0 
0 
0 

1 

0 

.02 

0 

.02 

0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

2 

0 
2 
0 
0 
0 
0 
0 

0 

0 
0 

0 

6 

0 
0 
0 
0 

1 

6 

0 

0 

0 
0 

0 

28 

0 
0 
0 
0 

1 

20 
1 

.02 

.02 
0 

0 

48 

0 
48 
0 
0 
0 
0 
0 

0 

0 
0 

0 

2 

1 
0 
0 
0 
0 
0 

1 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 

.02 

0 
.02 

MUetUofucut,  Zo^kaa, 

40 

10 
02 

40 

184 

40 

280 

30 

100  1      10 

20 

120 

40 

40 

60 

100 

Total,     .... 

848 

1,180  028 

22 

816 

300 

233 

814 

602 

224 
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MAI.DEN,  MBBFORD  AND  AtELiROSE. 

Table  shotving  Heights  of  Water  in  Spot  Pond  on  the  First  of  Each  Month  in  1896, 

[Note.  —  Heights  are  in  feet  above  or  below  the  creet  of  the  dam.    In  March  the  high-water  maric 
was  raised  1  foot  by  placing  flaeh  boards  on  the  dam.] 


Height 

Height 

Date. 

of 

Date. 

of 

Water. 

Water. 

Feet 

Feet 

Jan.     1, 

—1.83 

July  1 

—1.08 

Feb.     1, 

-1.67 

Ang.  1. 

-2.37 

March  1,.       ....... 

—0.08 

Sept.  1, 

—3.76 

April  1, 

+0.42 

Oct.   1, 

—4.25 

May     1, 

+0.66 

Nov.  1, 

—6.00 

Jane    1 

0.00 

Dec.  1, 

—6.12 

Water  Supply  of  Malden. 

Chemical  Examination  of  Water  from  Tubular  Wells  at  Maplewood  {Webster 

Park),  Maiden, 

[Parts  per  100,000.] 


a 

s 


16860 
10027 
10201 
10374 
16668 
16734 
17010 
17141 
17366 
17620 
17863 
18216 


a 
o 


o 
5 


1896. 

Jan.  7 

Feb.  4 

Mar.  3 

Apr.  6 

May  6 

June  2 

July  6 

Aug.  4 

Sept.  2 

Oct.  7 

Nov.  8 
Deo.  12 


Appbaeamob. 


1 


None. 

None. 

None. 

None. 

None. 

None. 

Distinct. 

BUght. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

V.  slight. 

None. 

None. 

None. 

None. 

None. 

None. 

p 

o 


.00 
.00 
.00 
.00 
.00 
.00 
.02 
.02 
.00 
.01 
.00 
.00 


a 


81.40 
32.60 
30.80 
29.00 
30.70 
81.00 
30.60 
33.20 
29.90 
29.30 
28.60 
27.70 


Ammonia. 


o 
a 

:5 


.0000 

.0000 

,.0000 

j.ooio 

1.0004 

'.0000 

.0000 

1.0002 

1.0000 

.0004 

.0006 

.0000 


.0062 
.0030 
.0012 
.0028 
.0020 
.0030 
.0016 
.0008 
.0016 
.0020 
.0016 
.0000 


2.80 
2.72 
2.62 
2.81 
2.98 
2.76 
8.00 
3.00 
2.98 
2.94 
2.90 
2.80 


NiTBOOBN 
AS 


w 

s 

s 


3 

9* 


.4600 
.8600 
.4760 
.4250 
.4000 
.4600 
.6000 
.8600 
.4260 
.4000 
.6600 
.6760 


.0000 
.0000 

'.0000 
.0000 
.0000 

1.0000 
.0000 
.0000 

1.0001 
.0000 
.0000 
.0000 


I 

I 


.01 
.08 
.00 
.03 
.00 
.07 
.07 
.04 
.08 
.03 
.01 
.01 


16.0 
16.6 
11.8 
12.4 
11.9 
IS.l 
16.0 
14.6 
11.0 
14.7 
16.0 
13.8 


.0010 
.0060 
.0010 
.0680 
.0020 
.0010 
.0160 
.0060 
.0060 
.0040 
.0000 
.0000 


Averages  by  Tears, 


1887* 

, 

. 

.00 

17.03 

.0000 

.0008 

1 

2.20 

.4060 

. 

. 

. 

1888 

• 

• 

.00 

!  17.46 

.0000 

.0003 

2.80 

.6081 

. 

. 

. 

1889t 

. 

. 

.00 

•  16.96 

.0001 

.0031 

1.76 

.6600 

.0001 

. 

7.8 

1890 

. 

. 

.00 

18.19 

.0002 

.0014 

2.29 

.4962 

.0001 

. 

8.0 

1891 

. 

. 

.00 

;  20.83 

.0001 

.0007 

2.23 

.6146 

.0001 

• 

9.6 

1892 

• 

. 

.00 

1  23.00 

.0000 

.0006 

2.86 

.6129 

.0000 

• 

11.4 

1893 

• 

• 

.00 

23.72 

.0001 

.0011 

2.48 

.4823 

.0000 

.02 

11.1 

1894 

. 

. 

.00 

28.28 

.0000 

.0012 

2.74 

.8946 

.0000 

.02 

13.2 

1896 

• 

. 

.00 

32.02 

.0001 

.0016 

2.73 

.4817 

.0000 

.03 

14.9 

1896 

" 

— 

.00 

80.46 

.0002 

1 

.0021 

2.86 

.4468 

.0000 

.04 

18.7 

.0836 
.0121 
.0068 
.0093 
.0090 


^  Three  samples  in  November  and  December.  f  Jane  and  October. 

Non  to  analyses  of  1896;  Odor,  none.  — No.  17620  was  collected  from  a  drinking  fountain;  the 
other  samples  were  collected  from  a  fancet  at  the  pumping  station. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  Nos.  16027, 16374  and  17141 ;  no  organisms  were 
found  in  the  other  samples. 
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MANCHESTER. 


Wateb  Supply  of  Manchester. 


ChemiccU  Examination  of  Water  from  the  Well  of  ihe  Manchester  Water  Works, 

[Paru  per  100,000.] 


I 

a 

a 


1896. 

1501ft    Jan.   22 


16478 
17017 
17«70 


Apr.  23 
July  20 
Oct.   SO 


Aftbabaiiob. 


• 

U 

«7 

a 

« 

1 

1 

1 

H 

2 

o 

None. 
None. 
None. 
None. 


V.elisht. 
None. 
V.  alight. 
None. 


.00 
.00 
.00 
.00 


a  > 


10.00 
10.00 
10.40 
11.10 


Ammomia. 


2 
o 

o 

si 


.0000 
.0002 
.0008 
.0004 


.0004 

.oooe 

.0006 
.0002 


4 
I 

g 


2.00 
2.24 
1.46 
2.06 


NrraoOKM 


s 


s 


.0650 
.0750 
.1400 
.1000 


.0000 
.0000 
.0000 
.0000 


.02 
.01 
.01 
.02 


n 


8.6 
8.5 
2.0 

8.8 


.0040 
.0020 
.0080 
.0020 


Averages  by  Years, 


— 

1 
1802 

- 

. 

.00   9.88 

.00  1  9.64 

1 

.0001 

.0008 

1.76 

.1214 

.0001 

. 

3.4 

- 

- 

1808 

- 

- 

.0000 

.0002 

1.60 

.0976 

.0000 

.04 

8.6 

.0096 

- 

1894 

- 

- 

.00   9.82 

.0000 

.0006 

1.82 

.0700 

.0000 

.01 

8.4 

.0010 

- 

1895 

- 

- 

.01   9.87 

.0001 

.0005 

1.80 

.0787 

.0000 

.02 

8.3 

.0040 

- 

1896 

- 

.00  >  10.67 

.0008 

.0004 

1.94 

.0960 

.0000 

.01 

8.4 

.0027 

NoTK  to  analyaea  of  1896 :  Odor,  none. The  aamplea  were  collected  from  the  well. 


Microscopical  Examination, 


No  organlama. 
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MANSFIEIiD. 

Water  Supply  of  Mansfield  Water  Supply  District, 

Mansfield. 

Chemical  Examination  of  Water  from  the  Well  of  the  Mansfield  Water  Works, 

[ParU  per  100,000.] 


% 

^ 


8 
O 


? 
%" 


10974 


1896. 

Jaly  14 


Afpba&imob. 


i 


s 

9 


None. 


None. 


i 


.00 


a 
o 

it 

o  ► 

m 
« 


2.00 


Ammonia. 


.0000 


.0004 


I 


.80 


NiTBOOBM 
▲8 


.0000 


I 

S 


.0001 


"8 

Q 

s 

e 

^ 

sS 

S 

g 

1 

d 

& 

• 

£ 

.06 


1.6 


.0080 


Odor,  none. The  sample  was  collected  from  a  tencet  at  the  pumping  etation. 


No  organisme. 


Microscopical  Examination, 


Water  Supply  of  Marblehbad. 

Chemical  Examination  of  Waier  from  Faucets  in  MarbUhead  supplied  from  the 

MarbUhead  Water  Works, 

[Parte  per  100,000.] 


I 


g 


16206 
16878 

i6no 

17165 
17661 
18064 


At, 


1896. 
Mar.  10 

Apr.    7 

June  10 

Ang.  10 

Oct.    15 

Dec.  10 


APPBAaAHOB. 


Blight. 

mUky. 
V.  alight. 

SUght, 

mUky. 
Diatinct. 

None. 

Diatlnet. 


Slight. 
V.  alight. 
V.  alight. 
V.  alight. 
None. 
BUght. 


.10 
.00 
.12 
.16 
.05 
.10 


.09 


si 

«  08 


I 


18.40 
11.60 
18.20 
10.50 
16.60 
15.10 


15.72 


Ammohia. 


s 


.0016 
.0008 
.0020 
.0088 
.0028 
.0016 


.0021 


.0088 
.0080 
.0044 
.0016 
.0018 
.0020 


.0028 


I 

I 


1.88 
1.79 
1.48 
1.54 
1.59 
1.72 


1.67 


Nitboobm 


Aa 

i 

i 

S 

S5 

K 

.0580 
.0700 
.0200 
.0080 
.0280 
.0400 


.0865 


.0000 
.0000 
.0028 
.0001 
.0000 
.0000 


.0005 


I 


.08 
.02 

.08 
.05 
.07 


6.8 
5.6 
9.4 
7.1 
7.9 
8.9 


.05   7.5 


.0160 
.0090 
.0260 
.0540 
.0880 
.0400 


.0295 


Odor  of  the  laat  aample,  diftlnetly  diaagreeable;  of  the  othera,  none. 


Microscopical  Examination, 

An  inaignlfloant  number  of  organlama  waa  found  in  No.  16296;  no  organiama  were  found  in  the  other 
aamplea. 
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MABIiBOBOUOEU 

Water  Supply  op  Marlborough. 

During  the  spring  of  1896  about  13,000,000  gallons  of  water 
were  pumped  from  Millham  Brook,  above  the  storage  reservoir,  into 
Lake  Williams,  from  which  the  supply  of  the  city  is  drawn.  No 
water  was  used  from  the  Millham  Brook  storage  reservoir. 

Chemical  Examination  of  Water  from  Lake  Williams^  Marlborough. 

[Parts  per  100,000.] 


* 


1 
St 

& 


10000 
16576 
1T160 
17800 


Ftb.  10 
May  11 
Ang.lO 
Not.  9 


▲PPBABAirOB. 


i 


SUght, 

elayey. 
DiiUnet, 
green. 
V.  ellght. 

V.eUght. 


o 


Slight. 
Slight. 
V.eUght. 
Slight. 


.12 
.18 
.10 
.05 


RsaiDDIC  ON 

EVAPORA- 

TIOM. 


4.25 
4.26 
4.70 
4.10 


S 


I 


1.80 
1.86 
1.46 
1.80 


Ammohia. 


Albamlnold. 


7 

I 


a 

00 


.0020 
.0024 
.0000 

.0000 


.0182 
.0260 
.0166 
.0226 


.0166 
.0102 
.0142 
.0172 


.0016 
.0068 
.0024 
.0054 


NITBOQKM 

« 

Aa 

ti 

• 

a 

s 

3 

i 

i 

•* 
B 

^n 

.48 

K 

S 

.0150 

.0002 

.51 

.0080 

.0000 

.55 

.0000 

.0000 

.55 

.0000 

1 

.0000 

I 

o 

I 

I 

O 


.20 
.80 
.26 
.25 


i 


1.7 
1.8 
1.7 
1.6 


Averages  by  Years, 


1887* 

- 

- 

.08 

4.10 

0.65 

.0010 

.0178 

- 

- 

.45 

1888 

- 

.05 

8.99 

0.91 

.0006 

.0205 

- 

.44 

1 

1880 

1 

- 

.04 

8.92 

1.03 

.0007 

.0220 

.0182 

.0038 

.46 

1800 

1 

- 

.03 

4.41 

1.13 

.0007 

.0206 

.0165 

.0041 

.46 

1801 

- 

- 

.05 

4.12 

1.20 

.0009 

.0197 

.0162 

.0035: 

.45 

1802t 

1 

- 

.08 

4.30 

1.48 

.0008 

.0244 

.0174 

.0070 

.46 

1893 

1 

1    " 

- 

.05 

8.95 

0.88 

.0014 

.0169 

.0186 

.0033 

.40 

1894 

- 

- 

.09 

4.20 

1.21 

.0001 

.0154 

.0136 

.0019 

( 

.45 

1895 

1 

- 

.11 

4.11 

1.85 

.0005 

.0176 

.0156 

.0020 

1 

.48 

1896 

- 

- 

.10 

4.82 

1.85 

.0011 

.0208 

.0168 

.0040 

.52 

.0017 
.0054 
.0064 


.0001 
.0001 


.0078  .0000 
.0072  .0001 


.0115 


.0003 


.0083'. 0000 

I 
.0030.0000) 

.0090.0000 

.0045.0000 


.20 
.22 
.28 
.27 


2.8 
1.8 
1.7 
l.T 
1.7 
1.0 
1.7 


*  Jane  to  Deoomber. 


t  March  and  April. 


NOTX  to  aoalyiee  of  1896 :  Odor,  dietlnctly  vegetable. The  eeoood  sample  waa  collected  from  the 

lmk6|  and  the  other  lamplea  from  a  faaoet  at  the  pamping  station. 


Microscopical  Examination. 

The  total  number  of  organisms  per  cable  centimeter  found  in  each  of  these  samples  was  as  follows 
No.  16039, 46;  No.  16575,  875;  No.  17160,  78;  No.  17800,  58. 
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UAItl^BOBOITOH. 

Chemical  Examination  of  Water  from  the  North  Branch  of  Millham  Brook,  near  its 
Entrance  to  the  Millham  Brook  Storage  Seservair,  Marlborough. 

[P«u  p.r  100.0W.1 


Tbs  avenge  Domber  of 


Chemical  Examination  of  Water  from  Millham  Brook,  near  its  Entrance  to  the 
Millham  Brook  Storage  Reservoir,  Marlborough. 


j 

A^UUHC 

"'"E"' 

A-MON.*. 

f 

..,.j,„ 

s 

■j 

1 

V.  .ughi. 

Blight. 
Blight. 

^"ii;;-ht, 

V.-llShl. 

1 

1 

|| 

1 

, 

iLi 

s 

1 

1 

IBM 

n40i 
1800' 

iB*a. 

Apr!  e 

June" 
July  S 

Si 

Dec'.   J 

niallDCI. 

V,  tllglil' 
B  light. 

Di.'E 
V  •light 

Blluhi; 
V.  flight. 
V.>lighl. 

1 

list 
i.w 

1 
.0M:i.0I3! 
.0013'  .0131 

!  Dose  low 

!«02«:!at0: 
I.WU  .0832 

'.aoot.om 

I.0O04.OM4 
.0008  .01T4 

.0118'.0QH,.29 

!oa>9  !oQ2a  isT 

:os44:«ow :« 

!<I37( 

i 

.oow 

.0190 

oooo 

0003 

ooo« 
'oooi 

.0001 
0001 

0.5S 
O.M 

si 

o'.w 

I'.N 

o.w 

O.M 

At.. 

ISM 

D.62 .  ^.^7 

I.eo 

.0022  .Oie». 01741.0025. .37 

l.B 

,  «4  i   «,,«   n„,l  niM'  nn„    « 









_  1.^ . 

.J 





monldr. ThCMmpIei  wen  ooltectad 
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MABI.B0B01T0H. 

Chemical  Bxaminaiion  of  Water  from  MUlham  Brook  Storage  Seservoir, 

Marlborough. 

[Farta  |Wt  1i»,0I)0.I 


Microscopical  Examittation  of  Water  from  MUlham  Brook  Storage  Reservoir, 

Marlborough. 

[Hombar  ol  orgtoiaiDB  psr  cubit  oenUmsMi.] 


)«M. 

Jmn. 

Fab. 

Mir.  Apt. 

.„, 

..... 

JnU. 

A., 

Stirt.    Oqt. 

No.. 

!>«,. 

Numbtcar  umpte 

U 

.»37 

i 

10123  itsoa 

IWTB 

ml 

lono 

.m< 

'™l"~ 

1^ 

iBon 

PLANTS. 
Aaurtanslli 

WS.,-    :    :    :   : 

Oyanophycete, 

Ankbams 

Mler«y.tl. 

Al«= 

Protvcoccn 

|»PbWlooi 

33 

0 
1 

3 

0 

a 

0 

0 

I 
1 

» 

i 

0 

t 

0 

0 

« 

0 

4 

I 

3» 

0 
0 

« 
u 

tn 
ni 

0 
0 

0 

I 

4 

i 
i 

0 

1 

41 

M 
1 

IM 
0 

Its 

tn 

1 

n 
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MABIiBOBOirOH. 

Microscopical  Examination  of  Water  from  Millham  Brook  Storage  Reservoir ^ 

Marlborough  —  Concluded. 

[Nnmbar  of  organlama  per  euble  oentlmetor.] 


ISM. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Joly. 

Ang. 

Sept.  Oct. 

Hot. 

Dee. 

ANIMA 
BhizopodA,  AoU 

InftiBorls.   . 

Oryptomonaa,    . 

Dinobryon, 

Easlena,    . 

MaUomonat, 

Monaa, 

Peridinimn, 

Baphldomonaa, 

Bynara, 

TraohelomoDaa, 

Vortioella, . 

Vermes, 

Anorea,     . 
Aaplanchna, 
Routorian  ova, . 

Orustaoes, . 

Oyolopa,     . 
Daphnla,    • 

LB. 
nopli 

irya. 

0 

1 

0 
0 
0 
0 
0 
0 
0 

1 

0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

2 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

1 

0 
0 

1 

0 

0 
0 

0 

1 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

1 

1,887 

1,800 

85 

0 

1 
0 
1 
0 
0 
0 
0 

8 

0 
8 
0 

0 

0 
0 

0 

8 

0 
6 

1 
0 
0 
0 
0 

1 
1 

0 

8 

3 

0 

1 

.04 

.04 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

.ot 

0 
.02 

4 

62 

0 
0 
0 

40 
2 
0 
0 
0 
0 

10 

0 

0 
0 
0 

.04 

.04 
0 

0 

10 

0 
0 
0 
0 
0 
0 
7 
0 

1 
a 

1 

1 

0 
0 

0 

0 
0 

0 

6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

46 

0 
0 

1 

0 
0 
0 
0 
0 
44 
0 

1 
1 

0 
0 

0 

0 
0 

0 

80 

0 
0 
0 
0 
0 
0 
0 
0 
80 
0 

0 

0 
0 
0 

0 

0 
0 

0 

8 

0 
0 
0 

4 
0 
0 
0 
0 
4 
0 

0 

0 
0 
0 

0 

0 
0 

Ml9c$Uan4out, . 

AcariDa,     • 
Zodgloa,    . 

5 

0 
6 

5 

0 
5 

to 

0 

ao 

160 

0 
1«0 

40 

0 
40 

0 

.02 
0 

8 

.02 
6 

40 

0 
40 

20 

0 
20 

8 

0 
6 

80 

0 
80 

10 

0 
10 

TOTAI., 

80 

11 

22 

1,626 

000 

4 

427 

207 

1,862 

00 

206 

418 

Chemical  Examination  of  Water  from  Millham  Brook  Storage  Reservoir^  MarU 

borough^  collected  near  the  Bottom, 

[Parte  per  100,000.] 


I 

5z; 


c 

Q 


a 


16038 
16222 

16364 
16674 

16741 
16031 
17159 
17407; 


1S96. 

Feb.  10 
Mar.  0 

Apr.  6 
May  11 

June  8 
July  6 
Aug.lO 
Sept.  8 


Appsaxakcb. 


I 


17626  Oct.  12 
17804'  Nov.  9 
18010  Dee.  7 


Av. 


Slight. 
Diatloct, 
elayey. 
Slight. 

DlstiDCt, 

green. 
V.  slight. 
Diatinct. 
Distinct. 
Decided. 

Distinct. 
Distinct. 
V.  slight. 


Residue  on 
Evapora- 
tion. 


I 


I 


J 


Slight. 

0.70 

6.00 

SUght. 

0.70 

4.20 

Slight. 

0.88 

3.46 

Slight. 

0.47j 

4.10 

V.  alight. 

1.00, 

4.70 

Cona. 

1.25 

6.05 

Cona. 

2.60, 

7.30 

Cons., 

1.06 

6.36 

brown. 

Slight. 

1.15! 

6.10 

Slight. 

1.05 

4.00 

Blight. 

1.05| 
1.04 

5.60 
6.0  7 

1.06 
1.40 

1.26 
1.80 

1.60 
1.00 
2.70 
2.80 

2.10 
1.90 
2.40 

1.04 


Amjconia. 


Albuminoid. 

1 

1 

I 

1 

s 

.9 

il 

h 

H 

Q 

93 

.0086.02421.0200 
.0036.0222.0102 


.0000 


.0196  .0128 


.28 
.24 

.24 
.34 

.0078  .0380' .0300  .0030  1.28 
.0348.0360.0316.0044  .28 
.0848,. 0542  .0306.0236  .30 
.0142  .0362. 0306'. 0046  .34 


.0046.0274.0194 


.0042 
.0030 

.0068 
.0080 

.0030 


NiTKOOEN 
▲8 


8 
g 


.0130  .0002 
.0160.0000 


.0070 
.0020 


.0000 
.0000 


.0204  .0302  .0360'. 0032 


.0120,. 0382  .0362 
.0042'. 0348  .0320 


.35 


.0185 


.03;;  1  .0271 


.0020  .34 
.0028  1.42 


.0030,  .0000 
.0380.0000 
.0000. 0000 
.00301.0001 


.0060 


1.0070 

.0150 

'.0180 


.81 


.0110 


.0006 
.0008 
.0002 


.0002 


0.82 


Odor,  generally  vegetable,  sometimes  mouldy,  and  occasionally  unpleasant  or  disagreeable.- 
samples  were  collected  from  the  reservoir,  2  feet  above  the  bottom. 


Th. 
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MABIiBOBOtrOH. 

Microscopical  ExamincUion  of  Water  from  Millham  Brook  Storage  Reservoir ^ 

Marlborough^  collected  near  ike  Bottom. 

[Number  of  orfanUoM  per  euble  oentlmeter.] 


18»«. 


Feb. 


Mat. 


Apr. 


May. 


Jane. 


Jal7. 


Ang. 


Sept 


Oct 


Nov. 


Dee. 


Dfty  of  ezemlnatkm,       •       •       •       • 
Number  of  eample, .       .   *   •       •       • 

PLANTS. 
DiatomaoeflB 

Aeterlonellm, 

Syiiedra. 

TebeUeila, 

AlffflBt 

Protoeoeeoe, 

Rephidlam,       .       •       •       .       • 

ANIMALS. 
Infusoria, 

OryptomoiiM, 

Dlnobry<ni, 

Mftllomonea, 

MODM, 

Perldlntam 

TrAehelomoDM 

VermoB,  Rotifer,       •      .      •      • 

Omstaoes, 

Boemtne* 

Oyelope, 

iMphnlft, 

Mi90tUanMU9t        •       .       •       .       . 

Aoerlna, 

ZoiSglose,    .       .       .       .       .       . 

Total, 


IS 
1«088 


11 
10228 


8 
10354 


18 

10674 


11 

10741 


7 
10081 


11 
17150 


10 
17407 


18 


17020 17804 


10 


8 
18010 


0 
7 
0 


0 
0 


16 


0 
0 
0 


0 
0 


18 

0 
6 
8 


0 
0 


176 

110 

00 

0 


4 

0 


0 
0 
4 


48 

0 
48 


78 

72 
0 
0 


14 

8 
11 


3 
0 
0 


1 
2 


0 
0 

8 


876 

0 
870 


0 
0 
0 


M 

10 
44 


88 

88 

0 
0 


188 

0 
180 


416 

416 
0 
0 


0 
84 


0 

8 

1,088 

48 

0 

0 

0 

1,000 

6 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

8 

5 

ft 

0 

0 

0 

0 

80 

0 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.12 

0 

0 

0 

0 

0 

0 

0 
0 
0 

1 

0 
0 


0 
0 
0 


0 
0 
0 

1 

0 
2 


0 
0 
0 
0 
0 

1 


0 
0 
0 


.18 

.10 

0 

.02 


M 

0 
0 
0 
0 
0 
24 


.08 

0 

.02 

0 


14 

0 
0 
0 
0 
0 
14 


0 
0 
0 


0 

•  ' 

4l 
0 

0 

4 


0 
0 
0^ 


80 

60 

60 

800 

5 

0 

.28 

0 

.04 

0 

20 

00 

80 

200 

6 

80 

0 
20 


0 
0 


.12 
0 


80 

0 
20 


40. 

0 
40 


48 


08 


1,116 


428 


67 


107 


8 


888 


08 


16 

0 
10 


468 
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MABSHFIELiB. 

Water  Supply  op    Brant  Eock,   Marshfield. — Brant  Rock 

Water  Company. 

Chemical  Examination  of  Water  from  the  Works  of  the  Brant  Rock  Water  Company. 

[ParU  per  100,000.] 


• 

Affkabamcs. 

§    J 

Ammokia. 

NlTKOOBN 

t 

Date  of 

CoUectl 

Residae  on 
Evaporati 

i 

1 

▲8 

m 

a 

f 

M 

o 

i 

1 

* 

i 

1 

1 

• 
•3 

O 
S 

< 

• 

1 

• 

1 
1 

• 

1896. 

17146 

Aug.  0 

None. 

None. 

.01 

18.70 

.0000 

.0010 

2.97 

.0650 

.0000 

.08 

1.7 

.0000 

Odor,  none. The  sample  waa  oollecfced  from  a  tencet  at  the  pnmping  atatlon. 


Microscopical  ExamincUion. 


No  organlama. 


Water  Supply  of  Maynard. 

Chemical  Examination  of  Water  from  White  Pond,  Maynard. 

[ParU  per  100,000.] 


^ 


16682 
17712 


I 

8 

O 

I 


18»«. 

May  27 

Oct.  26 


Appsasavos. 


I 


I 


SUffht, 

clayey. 
V.  alight. 


V.aUght. 
BUght. 


.12 
.06 


RsaiDux  ON 

EVAPOEA- 

noM. 


2.86 
2.10 


I 


a 
o 

.s 


0.60 
0.80 


Ammoicxa. 


Albnminoid. 


1^ 


.0004 
.0004 


.0078 
.0198 


.0068 
.0164 


.0010 
.0044 


NlTROOBM 

• 

« 
a 

i 

S 

.23 

AS 

• 

1 

^ 

1 

s 

fe 

^ 

.0060 

.0000 

.32 

.0000 

• 

.0000 

i 


6 


s 


.17 
.11 


1.8 
0.8 


Odor  of  the  first  sample,  none;  of  the  second,  faintly  vegetable,  becoming  distinctly  vegetable  and 
mouldy  on  heating.  —~  The  first  sample  waa  collected  from  a  fancet  In  tl^e  town,  and  the  laat  from  the 
pond.  The  sample  collected  In  the  village  represents  pond  water  mixed  with  a  large  amount  of  ground 
water  which  finds  its  way  into  the  pipe  leading  from  the  pond  to  the  pumping  station. 


Microscopical  ExamintUion. 

No.  16682.  Diatomacen,  Aiterionella,  6;  Cyctotellat  8;  Tabellaria,  616.  Infusoria,  Dinobryon,  1. 
Total,  626. 

No.  17712.  DlatomaceM,  AtteriatuUa,  4;  Fragilaria,  2;  Pinnutaria,  2;  iSVfM<ira,22;  Tc^eltaHa^ 
6.  Alg»,  Saphidium,  8;  Scenedeimut,  1;  Staurajsirum,  1;  Staurogenia,  1.  Infusoria,  JHnobryont 
12;  Peridinium,  4.    Miscellaneous,  ZodgUm,  10.    ToUl,  78. 
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MEBFIEJLB. 


Medfield. 


Chemical  Examination  of  Water  from  a  Spring  in  Medfield, 

[Paru  per  100,000.] 


• 

e 

APPXAEiLKOB. 

AmioKiA. 

NiTBOOSH 
▲8 

• 

a 

ji 

eS 

• 

• 

^ 

1 

o 
2i 

Date  of 
Coll 

t 

s 

a 

§ 
1 

1 

28. 

1" 

1 

2 

6 

1 

6 

• 

f 

1 

as 

Qzjrgen 
Con 

I 

• 

18»«. 

172M 

Aog.  26 

None. 

V.iUght. 

.01 

8.80 

.0000 

.0024 

.28 

.0000 

.0000 

.04 

1.8 

.0010 

Odor,  Don«. The  Mmple  wm  ooUeoted  from  a  aprlDg  near  Vine  Brook,  abont  one-third  of  i^mile 

above  North  Street.   Thia  apring  la  aaed  aa  a  aonrce  of  water  aupply  by  a  large  atraw  factory  and  by  a 
portion  of  the  village  of  Medfield. 


Microscopical  Examin€Uion. 


No  organiama. 


Water  Supply  of  Medfield  Insane  Asylum. 

The  advice  of  the  State  Board  of  Health  to  the  trustees  of  the  Med^* 
field  Insane  Asylum  with  reference  to  an  additional  water  supply  for 
the  asylum  may  be  found  on  page  24  of  this  volume.  Analyses  of 
samples  of  water  collected  from  Farm  Pond  in  Sherborn  during  the 
investigations  made  by  the  Board  may  be  found  under  **  Sherborn  ** 
in  this  report. 


Watbb  Supply  of  Medford. 

Water  from  Wright's  Pond  was  used  for  the  supply  of  the  city 
from  the  beginning  of  the  year  until  May  28,  1896,  at  which  time 
its  use  was  discontinued,  owing  to  the  unsatisfactory  quality  of  the 
water. 

For  information  regarding  the  water  supply  of  Medford  from  Spot 
Pond  and  for  analyses  of  samples  of  water  from  the  pond,  see  pages 
220  to  222. 
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MEDFOBD. 

Chemical  ExaminatUm  of  Water  from  WrighVs  Pond,  Medford, 

[ParU  per  100,000.] 


a 


c 
o 


I 


16967 
16163 
16355 
165W 
16600 


At.*. 


1896. 

'hin.28 

Peb.28 
Apr.  8 
May  1 
May  26 


APPBABAXOa. 


i 


I 


Diatlnot. 

Diitinct. 

Diatlnot. 

Decided, 

greoD. 

Dlatinet. 


Cona. 

Blight, 

green. 
Cont., 

yellow. 
Oona., 

brown. 
Coni^ 

brown. 


.47 
.50 
.80 
.40 
.42 


.42 


RaaiDCB  ON 
Eyafoba- 

TIOK. 


& 


5.60 
5.75 
4.55 
4.50 
5.80 


5.90 


a 


2.40 
1.85 
1.85 
1.85 
1.90 


1.80 


Ammonia. 


Albamlnoid. 


5 
& 


7 

I 

s 


.0084 
.0000 
.0000 
.0020 
.0088 


.0022 


.0274 
.0220 
.0228 
.0240 
.0252 


.0242 


.0106 
.0174 
.0146 
.0160 
.0208 


.0175 


I 
il 


,0078 
.0046 
.0082 
,0080 
.0044 


.0067 


J 


.46 
.44 
.45 
.82 
.41 


.48 


NiTBOOBN 


I 


• 


.0050 
.0000 
.0080 
.0020 
.0000 


.0022 


.00001 
.0001 
.0000 
.0000 
.0000 


^6 


I 
I 

o 


.61 
.51 
.47 
.47 
.47 


.0000 


.51 


i 


3.S 
2.1 
2.3 
2.1 
2.S 


8.3 


*  Where  more  than  one  eample  waa  oollected  in  a  month,  the  mean  analyaie  for  that  month  haa  been 
need  In  making  the  average. 

Odor,  dlatinctly  vegetable,  becoming  eomewhat  stronger  on  heating. The  aamplea  were  collected 

/rom  the  pond. 


Microscopical  Examination  of  Water  from  Wright^s  Pond,  Medford, 

[Namber  of  organiams  per  cable  centimeter.] 


18»«. 


Jan. 


Feb. 


ApriL 


May. 


Jane. 


Day  of  examination,  .       . 
Kamber  of  aample,     • 

PLANTS. 
Diatomaoesot 

Asterionella,        .       • 
(}yolotella,    .       •       .       . 
Synedra,       •       .       •       . 
Tabellarla 

Alfir» 

Arthrodeamna,     . 
Protococcoa,         .       • 
Kaphidlam,  •       .       .       . 

Funfiri*  Orenothriz, . 
_ 


30 
15967 


29 
16168 


4 

16855 


5 
16519 


8 

16690 


2,421 

1,664 

55 

92 

2,256 

18 

128 

1 

1,620 

15 

10 

f 

8 
0 
7 

2 
0 
0 

8t 

0 

2,009 

0 

0 

2,000 

9 


10 

0 

10 

0 


8,014 

0 

0 

8,000 

14 


0 
0 
0 


IT 

0 
0 

0 
8 


s 

0 
0 
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MEBFOBD. 

Microscopical  JExamincUion  of  Water  from  WrighPs  Fofid,  Medford^  Concluded. 

[Number  of  orfanltma  per  ouble  eenttmtter.] 


AKIMAL8. 


InAiaorla, 


BnnarlA, 

MODM,  . 

Perldlnliun,  . 
TrAchelomoDM, 


VermeB*  Annre«, 


Orustaoea,    . 

Botmlna, 

S^elopi,        .       . 
Dtomofttraoao  ova, 


18»«. 


Jan. 


Feb. 


AprU. 


0 
0 
0 
0 


M 

0 

.02 

0 


88 

0 

0 

86 

0 


0 
0 
0 


a 

4 

48 

0 


0 
0 
0 


May. 


0 
0 
0 
0 


0 
0 
0 


June. 


0 
0 
0 

7 


.1C 

.OS 
.04 
.00 


Jfi*e«/ton«oiw,  Zo9gl<Be» 


80 


10 


40 


TOTAI., 


2,528 


1,712 


2,078 


8,014 


08 


Chemical  Examination  of  Water  from  Underdrains  beneath  the  Sewers,  Medford, 

[ParU  per  100,000.] 


I 


S 


10S40 
17012 
17800 


At. 


ISM.  I 

Mar.  11 

July  16 
Not.  11 


Appbabavos. 


-J 
8 


V.  slight. 

DiatlDot, 
white. 
SUght. 


V.aUght. 

BUffht. 

Oona. 


.01 
.03 
.08 


.02 


si 


18.M 

188.00 

48.70 


66.07 


Ammonia. 


I 


i' 


.0472 
.0680 
.0406 


.0549 


.0048 
.0040 
.0050 


.0016 


2.01 
58.50 
14.68 


28.70 


NmoQsw 

A8 


.7200 
.2000 
.6000 


.5067 


.0012 
.0000 

.0020 


.0014 


i 


I 


.09 
.18 
.11 


.18 


i 


5.6 
28.5 
10.0 


18.8 


.0180 
.0120 
.0270 

.0190 


NoTB  to  analyeee  of  1896:  Odor,  none. The  lamplea  were  ooUeeted  from  the  nnderdrain  In 

Boeton  ATenne,  near  the  Myetle  BlTer. 


Microscopical  Examination. 

No.  16246.    Mieoenaneone,  Zodglaa,  150. 

No.  17860.    Poogi,  Ormothrtx,  850.    Mlaeellaneooa,  ZoSgUm,  100.    Total,  450. 

No  organUme  were  found  in  the  remaining  aample. 
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MEBWAT* 


Medway. 


The  advice  of  the  State  Board  of  Health  to  the  town  of  Medway 
with  reference  to  the  introduction  of  a  water  supply  from  sources 
near  the  village  of  West  Medway  may  be  found  on  page  25  of  this 
volume. 

The  advice  of  the  Board  to  the  Medway  Water  Company  with  ref- 
erence to  securing  a  supply  of  water  from  wells  located  in  the  valley 
of  the  Charles  River  in  the  easterly  part  of  Medway  may  be  found 
on  pages  25  to  27  of  this  volume. 

Analyses  of  samples  of  water  collected  from  various  sources  in  the 
town  during  the  investigations  are  given  in  the  following  tables.  An 
analysis  of  a  sample  of  water  from  the  Charles  River  at  Medway  may 
be  found  in  the  chapter  on  **  Examination  of  Rivers,"  in  a  subsequent 
portion  of  this  report. 

Chemical  Examination  of  WcUer  Jrom  a  Tubular  Test  Well  and  from  a  Spring  in 

Medway. 

[ParU  per  100,000.] 


of 
Collection. 

APPBAEiLMCS. 

ineon 
vaponttion. 

Ammonia. 

1 

NiTSOOBM 

Oxygen 

Contamed. 

• 

i 

1 

s 

<2 

,; 

• 

•1 

• 

1 

• 

1 

1 

1 

•gH 

1 

51 

< 

•1 

s 

^ 

n 

1 

1896. 

16882 

Jane  18 

None. 

Slight. 

.01 

5.00 

.0000 

.0014 

.40 

.0060 

.0000 

.08 

a.i 

.0060 

10888 

Jane  18 

Slight. 

Slight. 

.03 

2.00 

.0004 

.0020 

.28 

.0010 

.0000 

.02 

0.7 

.0060 

Odor,  none. The  first  lample  wm  collected  from  a  tubalar  test  well  on  the  easterly  aide  of 

Ohloken  Brook  and  about  100  feet  north  of  Mechanic  Street  in  West  Medway,  near  the  site  of  an  old 
dam ;  the  last  sample  was  collected  from  a  spring  about  600  feet  west  of  Chicken  Brook,  a  short  distance 
above  the  site  of  the  old  dam. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  sample  No.  10888;  no  organisms  were  found  in 
the  other  sample. 
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MEDWAY. 


Chemical  Examination  of  Water  from  Test  Wells,  Medway, 

[PartB  per  100,000.] 


• 

1 

Appsasamob. 

• 

1 

Ammonia. 

NiTBOOKH 
AS 

1 

• 

1 
§ 

Date  of 

• 

s 

a 

1 
1 

9  OS 
o  ► 

1 

1 

AlbD- 
minold. 

6 
1 

6 

• 

1 

i 

X 

f 

• 

s 

m 

• 

a 

E 

N4 

ISM. 

• 

1«607 

May  15 

None. 

Oona., 
•andy. 

.01 

18.70 

.0000 

.0000 

1.50 

.3750 

.0000 

.00 

4.0 

.0100 

16716 

June  2 

V.illKht. 

Slight, 
■andy. 

.00 

12.00 

.0000 

.0020 

1.80 

.3400 

.0000 

.04 

4.2 

.0120 

16608 

May  16 

None. 

None. 

.00 

8.50 

.0000 

.0000 

0.01 

.2000 

.0000 

.01 

8.0 

.0020 

16717 

Jane   2 

None. 

Slight, 
■andy. 

.00 

8.00 

.0006 

.0006 

0.85 

.2000 

.0000 

.00 

8.4 

.0070 

16600 

May  15 

None. 

None. 

.00 

0.00 

.0000 

.0002 

0.78 

.1250 

.0000 

.01 

8.0 

.0020 

I6n8 

Jane   2 

None. 

None. 

.00 

8.60 

.0004 

.0016 

0.60 

.0800 

.0000 

.06 

4.3 

.0070 

17367 

Sept.  4 

None. 

None. 

.02 

10.00 

.0000 

.0008 

0.98 

.2000 

.0000 

.05 

4.2 

.0010 

Odor,  none.— The  Munplee  were  collected  from  tobalar  test  wells  on  the  south  bank  of  the 
Charles  River,  In  the  easterly  part  of  the  town  of  Medway,  as  follows :  the  first  two  samples,  from  a  test 
well  about  500  feet  below  the  Ray  &  Wilson  dam;  the  next  two  samples,  from  a  well  about  120  feet 
farther  down  the  stream ;  and  the  last  three  samples,  from  a  well  aboat  700  feet  below  the  Ray  &  Wilson 
dam.  Bach  of  the  wells  was  about  00  feet  from  the  river.  The  last  sample  was  oollected  after  pumping 
oontlnaously  from  the  well  for  one  hundred  and  four  hours,  at  a  rate  of  70  gallons  per  minute. 


No  organisms. 


Microscopical  Examination. 


Water  Supply  of  Melrose. 

* 

For  information  regarding  the  water  supply  of  Melrose  from  Spot 
Pond  and  for  analyses  of  water  from  the  pond,  see  pages  220  to  222. 
The  auxiliary  supply  from  tubular  wells  in  the  valley  of  Spot  Pond 
Brook,  which  was  used  during  the  years  1894  and  1895,  was  aban- 
doned in  May,  1896,  since  which  time  the  entire  supply  for  the  town 
has  been  drawn  from  Spot  Pond. 

Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  Spot  Pond 
Brook,  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose, 

[Parts  per  100,000.] 


• 

g 

1 

J 

-J 

a 

s 

o 

13 

» 

Q 

1S9«. 

10016 

Feb.    4 

Appbabanob. 


o 
6* 


e 
1 


None. 


Slight, 
earthy. 


i 

o 


.02 


a 
o 

=1 

«  « 

« 


14.60 


Ammomia. 


§ 


is 


.0000 


.0038 


s 


1.34 


NiTBOOBM 
▲8 


I 


.0020 


s 


.0002 


s 

0 

I' 


.00 


6.7 


.0060 


Odor,  none. The  sample  was  collected  from  a  faucet  in  Melrose,  suppUed  flrom  the  tubular  wells. 


No  organisms. 


Microscopical  Examination, 
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MIIBBIMAC. 

Mebrimao. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Merrimac 
relative  to  a  proposed  public  water  supply  for  that  town  may  be 
found  on  pages  27  to  29  of  this  volume. 

Chemical  ExamincUion  of  Water  from  Test  Wells  in  Merrimac, 

[Parte  per  100,000.] 


I 


17213 
17266 
17290 
17800 
17905 


4 


18»«. 

Aug.  15 

Aug.  21 
Aug.  24 
Aag.  26 
Nov.  27 


Afpbabahob. 


I 

1 


DlsUnot, 
milky. 
SUght. 

V.sUght. 

Dlitlnot. 

V.sUght. 


§ 


V.  slight. 

OooSn 

■Andy. 
V.  slight. 

Cons., 

rusty. 
V.  slight. 


8 


.85 
.02 
.05 
.40 
.28 


o 

m   P. 

M 


13.10 
4.30 
4.70 

23.90 
5.20 


Ammohia. 

• 

2 

o 

•  o 

i 

ll 

N 

< 

.0012 
.0000 
.0000 
.0030 
.0006 


.0014 
.0000 
.0002 
.0020 
.0084 


4 
I 


.86 
.81 
.81 
.20 
.43 


NiTBOOBIf 
AS 


8 


.0000 
.0000 

.0280 
.0060 
.0080 


.0000 
.0000 
.0000 
.0000 

.0000 


I 


i 

a 


I 


.02 

7.0 

.04 

2.8 

.05 

1.8 

.10 

9.7 

.87 

1.8 

0.0960 
0.0010 
0.0890 
1.0100 
0.0080 


Odor  of  the  first  sample*  none,  becoming  distinctly  mouldy  on  heating;  of  the  others,  none.— The 
first  sample  was  collected  from  a  tubular  test  well  in  the  valley  of  Cobbler's  Brook,  about  400  ftet  down 
stream  from  the  Takesbury  Dam ;  the  second,  from  a  tubular  test  well  near  the  south-westerly  shore  of 
Lake  Attltash  or  Kimball's  Pond;  the  third,  from  a  tubular  test  well  in  the  Plains,  so-called,  south  ef 
Lake  Attltash  and  near  the  divide  between  Lake  Attitash  and  the  Merrimack  River;  the  fourth,  from  a 
tubular  well  in  the  valley  of  Back  River,  a  tributary  of  Cobbler's  Brook,  located  about  700  feet  below 
Sargent's  Millpond ;  the  last,  from  a  spring  on  the  northerly  side  of  Back  River. 


No  organisms. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Back  Biver^  Merrimac. 

[Parte  per  100,000.] 


I 


in5i 
in62 

17914 


e 
o 
:S 


1896. 

Oct.  30 

Oct.  80 
Nov.18 


Appbabakcb. 


■e 

s 


Slight. 

None. 

V.sUght. 


i 


o 


Cons., 

dark. 
V.sUght. 

SUght. 


1.10 
1.80 
1.10 


Residue  on 

EVAFOBA- 
TION. 


7.00 
6.80 
6.16 


3 


2.75 
8.40 
2.86 


Ammonia. 


Albuminoid. 


I 


I 
1 


I 

a 

00 


.0004 
.0000 
.0010 


.0274 
.0384 
.0298 


.0214 
.0828 
.0272 


.0000 
.0066 
.0026 


.47 
.60 
.60 


NiTROOKN 
AS 


I 


.0020 
.0000 
.0090 


.0000 
.0000 

.0000 


1 

a 


1.08 
1.48 
1.28 


« 
8 


S.l 
1.8 
1.0 


Odor,  distinctly  vegetable. The  first  sample  was  collected  from  Back  River,  about  000  feet  abov« 

Cobbler's  Brook;  the  last  two  samples,  from  the  millpond  at  Sargent's  Mill. 


Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  60. 


No.  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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M£BBIMAC, 

ChemiccU  Examinaiion  of  WaJUrfrom  Cobbler's  Brook  in  Merriinac, 

[ParU  per  100,000.] 


in28 

17784 
17012 
17018 


I 


6 

o 
S, 
& 


18»«. 

Oct.  26 
Oot.  26 
Nov.  18 
Not.  18 


Appkaiuncb. 


1 


i 


I 


V.  slight. 
Slight 
V.  slight. 
Slight. 


Slight. 
Cons. 
SUght. 
Cons. 


.00 
.80 
.85 
.80 


RK8IDUK  ON 

Evapora- 

tion. 

• 

e 

© 

*» 

^ 

»s 

S 

8*^ 

& 

J 

6.40 

2.05 

6.06 

2.75 

6.85 

2.50 

6.80 

2.45 

AMMOmA. 


Albuminoid. 

• 

1 

^ 

• 

i 

1 

tm 

o 

J9 

S  A 

u* 

H 

A 

CO 

.0006 
.0010 
.0008 
.0008 


.0262 
.0228 
.0222 
.0212 


.0226 
.0214 
.0202 
.0168 


.0036 
.0014 
.0020 
.0044 


.50 
.47 
.42 
.44 


Nitrogen 

AS 


9i 


I 


.0080 
.0000 
.0000 
.0000 


.0001 
.0000 
.0000 
.0001 


B 

a 
« 


H 

o 


1.07 
0.05 
0.03 
0.70 


1.6 
2.0 
1.0 
1.0 


Odor»  faintly  vegetable,  becoming  somewhat  stronger  on  heating. Nos.  17728  and  17012  were 

oollected  from  the  west  branch  of  Gobbler's  Brook,  at  the  first  road  crossing  above  the  old  Tnkesbnry 
dam;  the  remaining  samples  were  ooUected  from  the  brook,  at  the  Tnkesbury  dam. 

Microscopical  Examinaiion. 

The  average  number  of  organisms  per  enblc  centimeter  found  in  these  samples  was  20. 


Water  Supply  or  Mbthuen. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Methuen  Water 

Works, 

[ParU  per  100,000.] 


15876 
10215 
10678 
16057 
17410 
17S86 


I 
^5 


18»«. 

Jan.  13 
Mar.  0 
May    11 

Jnly  0 
Sept.  8 
Nov.  10 


Appbabavos. 


tf 

9 


§ 


6 


None. 

None. 

V.  slight. 

None. 

None. 

None. 


None. 

None. 

Slight. 

None. 

None. 

V.  slight. 


.02 
.05 
.10 
.08 
.05 
.05 


el 

• 


7.50 
7.60 
6.50 
7.20 
8.20 
8.50 


Ammonia. 


i 


•i 

o 


I  ■ 

0 

A. 


.0000 
.0028 
.0000 
.0000 
.0000 
.0000 


.0014 
.0006 
.0018 
.0016 
.0012 
.0024 


.25 
.24 
.26 
.25 
.26 
.24 


NiTBOORH 
AS 


I 


i 


a 

a 


i 

a 

1 

a 


.0070 

.0000 

.07 

8.1 

.0070 

.0001 

.06 

8.8 

.0060 

.0000 

.03 

2.7 

.0120 

.0000 

— 

8.0 

.0050 

.0000 

.02 

3.3 

.0080 

.0005 

.10 

8.7 

.0000 
.0100 
.0270 
.0080 
.0120 
.0180 


Averages  by  Years. 


1804» 

. 

. 

1 
.02  , 

7.77 

'.0002 

.0083 

.26 

1 
.0057 

.0000 

.05 

8.1 

1805 

• 

• 

.06  ' 

7.44 

.0001 

.0030 

.26 

.0002 

.0000 

.00 

3.2 

1806 

- 

~ 

.06 

1 

7.58 

1 

.0005 

.0015 

.25 

.0065 

.0001 

.06 

8.2 

.0050 
.0138 
.0128 


*  September,  October  and  December. 

Note  to  analyses  of  1806 :  Odor,  none. Nos.  15876, 16578  and  16057  were  collected  from  a  faucet 

at  the  pumping  station ;  the  remaining  samples,  from  a  faucet  in  a  building  near  the  pumping  station. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  sample  No.  16578;  no  organisms  were  found  in 
the  remaining  samples. 
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Chemical  Examination  of  Water  from   the  Covered  Reservoir  of  the  Meihuen 

Water  Works, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbarancb. 

Residue  on 

Evaporation. 

AmiOMIA. 

Chlorine. 

NlTROQBM 
AS 

Oxygen 

Consumed. 

S 

9 

B 

1 
n 

1 

a 

1 

1 

• 

1 

u 

o 

a 

• 
9 
9 

• 

2 

a   ' 

is 

< 

5Z5 

• 

S 

• 

15877 
16216 
16579 
16058 
17409 
17835 

1896. 

Jan.   13 

Mar.    9 

May   11 
July     8 
Sept.    8 
Nov.  10 

.  None. 

Slight. 

milky. 
V.  slight. 

None. 

None. 

None. 

None. 

Slight. 

V.  slight. 

None. 

None. 

None. 

.02  i 

.12 

.05  ■ 

.08 

.08 

.04 

7.20 
7.60 
6.90 
7.60 
8.00 
8.40  1 

.0002 
.0000 
.0004 
.0000 
.0000 
.0006 

.0022 
.0028 
.0016 
.0022  , 
.0008 
.0034  ' 

.24 
.24 
.26 
.26 
.26 
.26 

.0070 
.0080 
.0070 
.0000 
.0070 
.0050 

.0000 
.0000 
.0001 
.0000 
.0000 
.0000 

.06 
.09 
.08 

.04 
.10 

2.9 
8.0 
8.0 
4.1 
8.1 
8.5 

.0070 
.0240 
.0080 
.0040 
.0010 
.0060 

Averages  by  Years. 


- 

1894* 

- 

- 

.02 

7.33 

.0006 

.0018 

.25 

.0063 

.0008 

.03 

3.1 

.0093 

- 

1895 

- 

- 

.07 

7.87 

.0001 

.0028 

.26 

.0051 

.0000 

.08 

8.8 

.0147 

- 

1896 

- 

- 

.06 

7.62 

.0002 

.0022 

.25 

.0057 

.0000 

.06 

1 

3.3 

.0083 

*  September,  October  and  December. 

Note  to  analyses  of  1896 :  Odor,  none. The  samples  were  collected  from  a  fanoet  near  the 

reservoir. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  these  samples. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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MIDDIilCBOBOTTOH. 

Water  Supplt  of  Middlbborough  Fire  District,  Middle- 
borough. 

Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  District. 

[Parts  per  100»000.] 


Date  of 

Appbarawcx.     1 

Residue  on 
Evaporation. 

Ammonia. 

. 

9 

8 

u 

NITBOOKV 
AS 

Oxygen 

Consamed. 

1 

0 

n 

• 

1 

a 

1 
1 

o 

i 

Alba- 
mlnold. 

• 

m 

1 

• 

1 

• 

£ 

16855 

1896. 

Jan.  0 

V.ilight. 

V.aUght. 

.50 

6.70 

.0008 

.0018 

.74 

.0880 

.0000 

.06 

2.6 

.0180 

16106  Mar.  4 

None. 

None. 

.00 

7.40 

.0004 

.0086 

.74 

.1080 

.0000 

.07 

2.6 

.0180 

16660  '  May  6 

None. 

None. 

.10  1 

5.90 

.0000 

1 

.0046 

.72 

.0580 

.0000 

.09 

2.8  .0220 

16050  July  8 

Slight. 

Blight. 

.18 

5.55 

.0000 

.0050 

.69 

.0120 

.0002 

- 

2.2 

.0280 

17885 

17788 

Sept.  8 
Nov.  4 

Slight, 
milky. 

Distinct, 
milky. 

None. 
Blight. 

.22 
.12 

6.90 
6.80 

.0002 
.0002 

.0042 
.0088 

.67 
.78 

.0180 
.0600 

.0000 
.0000 

.14 
.10 

2.1 

2.7 

.0480 
.0440 

Averages  by  Years, 


( 

1887*  1 

- 

- 

1 
.00  ' 

8.89 

.0004 

.0019 

.96 

.1519 

- 

- 

- 

- 

- 

1888 

- 

- 

.00, 

8.67 

.0001 

.0025 

.96 

.1494 

.0601 

- 

- 

- 

- 

1880t 

- 

- 

.00 

8.77 

.0002 

.0024 

.98 

.1770 

.0001 

- 

- 

- 

- 

1893t 

- 

- 

.05 

6.53 

.0006 

.0024 

.78 

.0775 

.0001 

.08 

2.6 

.0070 

1894* 

- 

- 

.09  1 

6.16 

.0004 

.0082 

.69 

.0572 

.0001 

.08 

2.8 

.0287 

- 

1895    ; 

- 

- 

.06 

6.74 

.0001 

.0028 

.74 

.0687 

.0000 

.08 

2.6 

.0187 

- 

1896 

- 

- 

.18 

1 

6.54 

.0008 

.0088 

.72 

.0565 

.0000 

.09 

2.4 

.0288 

*  Jane  to  December. 


t  Janaary  to  May. 


X  April  and  September. 


NoTV  to  analyses  of  1896 :  Odor,  none,  except  in  Janaary,  Jaly  and  November,  when  it  was  faintly 
earthy  on  heating. The  samples  were  collected  from  a  faacet  at  the  pamping  station,  while  pumping. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  Nos.  15855  and  17385;  no  organisms  were  found 
in  the  remaining  samples. 


Water  Supply  of  MiddleTon. 

{See  Danvers,) 
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mhjXiBUbt. 
Water  Supply  or  Millbuby.  —  Millbury  Water  Company. 

Chemical  Examination  of  Waierfrom  the  Well  of  the  Millbury  Water  Works, 

[ParU  per  100,000.] 


Date  Of 

Collection. 

Afpbabanob. 

• 

a 

A 

1 

Ammovia. 

S 

o 

NiTBOOEH 
AS 

• 

s 
5 

• 

1 

a 

1 

9Ei 

• 

1 

«f 

1 

i 

• 

1 

• 

1 

• 

1 

S 

• 

1 

10001 

1896. 

Feb.    3 

None. 

None. 

.03 

4.70 

.0008 

.0158 

.85 

.0200 

.0000 

.17 

1.4 

.0160 

10320 

Mar.  24 

None. 

Slight. 

.00 

4.80 

.0000 

.0028 

.27 

.0180 

.0001 

.04 

8.1 

.0010 

10700 

Jnne  10 

V.eUght. 

V.alight. 

.00 

4.00 

.0002 

.0014 

.20 

.0280 

.0000 

.00 

1.0 

.0060 

17070 
17001 

Jnly  27 
Nov.  24 

Distinct, 
milky. 
None. 

Slight, 

rusty. 
None. 

.18 
.00 

.04 

4.40 
6.70 

.0000 
.0000 

.0012 
.0000 

.20 
.22 

.0070 
.0120 

.0003 
.0000 

.08 
.02 

1.4 
2.8 

.0760 
.0010 

^Vm  m  m 

4.02 

.0003 

.0044 

.25 

.0100 

.0001 

.00 

2.1 

.0104 

Odor  of  the  first  three  samples,  none;  of  the  fourth,  faintly  earthy;  of  the  last,  none,  becoming 
distinctly  earthy  on  heating. The  samples  were  collected  from  a  tmueei  at  the  pumping  station. 


Microscopical  Examination* 


No  organisms. 


Water  Supply  op  Millis. 

Chemical  Examination  of  Water  from  the  Aqua  Bex  Spring,  Millis. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appsabahob. 

Eesldae  on 

Evaporation. 

Ammonia. 

KITSOQKN 
AS 

Oxygen 

Consumed. 

i 

a 
1 

1 

• 

1 

a 

i 

CO 

i 

• 

Albu- 
minoid. 

• 

1 

• 

1 

6 

s 

1896. 

10942 

July    8 

None. 

None. 

.00 

0.00 

.0000 

.0008 

.48 

.0860 

.0000 

• 

2.3 

.0060 

Odor,  none. The  sample  was  collected  from  the  spring. 


Microscopical  Examination, 


No  organisms. 


Water  Supply  op  Milton.  —  Milton  Water  Company. 

The  water  supplied  by  this  company  to  the  town  is  purchased  from 
the  Hyde  Park  Water  Company.  Analyses  of  samples  of  the  water 
may  be  found  on  pages  180  to  182. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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MONSOK, 

Water  Supply  of  Monson. 

Chemical  Examination  of  Water  from  a  Faucet  in  Monson,  supplied  from  the 

Monson  Water  Works, 

[Parts  per  100,000.] 


I 

a 


16075 
1«819 
16«81 
17088 
17552 
17047 


Av. 


i 


9 


1896. 

Jan.  28 

Mar.  25 
May  26 
Jaly  28 
Sept.  28 
Nov.  28 


AFPKAmiKCR. 


2 


s 


None. 

None. 

V.ilight. 

None. 

V.  slight. 

None. 


None. 

SUght. 

V.  slight. 

None. 

Slight. 

floo. 
Slight, 
rusty. 


.00 
.00 
.00 
.01 
.01 
.01 


.00 


e 
o 

-i 

«  m 
a  > 

SH 


4.80 
4.10 
2.70 
4.70 
8.70 
4.20 


8.9d 


Ammonia. 


2 
o 

e 

98 


< 


.0010 
.0004 
.0002 
.0000 
.0008 
.0000 


.0004 


.0018 
.0014 
.0002 
.0008 
.0080 
.0020 


.0015 


a 


.12 
.16 
.18 
.12 
.18 
.14 


.13 


NiTROOBV 
AS 


s 

5 

2 


9. 


.0120 
.0120 
.0120 
.0070 
.0090 
.0100 


.0103 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


"i 


a 

I 


s 


I 


.06 

1.7 

.02 

2.7. 

.01 

1.9 

.00 

1.3 

.04 

1.4 

.04 

1.8 

.03 

1.7 

.0050 
.0080 
.0020 
.0080 
.0270 
.0100 

.0092 


Odor  of  the  first  fonr  samples,  none;  of  the  fifth,  faintly  earthy,  disappearing  on  heating;  of  the 
last,  distinctly  mouldy.^— The  samples  were  collected  from  faucets  In  the  town. 

Microscopical  Examination, 

An  Insignificant  number  of  organisms  was  found  In  No.  17947;  no  organisms  were  found  In  the 
remaining  samples. 

Massachusetts  Hospital  for  Epileptics,  Monson.  —  Chemical  Examination 
of  Water  from  Test  Wells  in  the  Valley  of  the  Quaboag  Biver,  Palmer, 

[ParU  per  100,000.] 


I 

o 


17858 
17850 
18004 
18005 
17010 
17911 


18»«. 

Nov.  11 

Nov.  11 
Dec.  6 
Dec.  5 
Nov.  18 
Nov.  18 


Appbaiancb. 


•3 

1 


I 


None. 

V  slight. 

.00 

None. 

V.  slight. 

.48 

Blight. 

Cons. 

.35 

Slight. 

Cons. 

.15 

None. 

Slight. 

.00 

Decided. 

Cons., 
clayey. 

.02 

I 

a  ► 


AMMOinA. 


5.50 
6.20 
6.50 
5.80 
2.80 
2.60 


Ja 


.0002 
.0026 
.0022 
.0016 
.0000 
.0000 


.0022 
.0030 
.0056 
.0030 
.0004 
.0004 


4 

a 

I 


NiTROOBW 
AS 


.33 
.08 
.12 
.10 
.10 
.13 


s 


.1500 
.0070 
.0080 
.0070 
.0350 
.0180 


.0000 
.0000 
.0001 
.0000 
.0000 
.0001 


I 

M 

o 


'6 

I 

e 

6 


4 
8 


a 
8 


.00 

1.7 

.24 

1.3 

.28 

2.1 

.25 

1.4 

.00 

0.8 

.01 

1.1 

0.0120 
0.9000 
0.7300 
1.0100 
0.0050 
0.0080 


Odor,  none. The  samples  were  collected  from  tubular  teat  wells  located  on  the  south-westerly 

aide  of  the  Quaboag  River,  Just  above  the  first  railroad  bridge  above  Palmer. 


Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  as  follows :  No. 
18004, 800;  No.  18005,  240;  no  organisms  were  found  In  the  other  samples. 
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MONSON. 

ChemiccU  Examination  of  Water  from  the  West  Reservoir  and  a  Brook  at  the  State 

Hospital  for  Epileptics^  Monson. 

[Parte  per  100,000.] 


a 

a 


I 

I 


17966 
18170 

ISIOBT 


1896. 

Nov.27 
Dec.  21 

Dec.  21 


ArPBsjtAiios. 

1 

JO 

1 

a 

1 

1 

None. 

SUght. 

.10 

Distinct, 

dUght. 

.08 

green. 

green. 

V.  alight. 

Slight. 

.10 

BaaiDUB  ON 
Etaposa- 

TIOH. 


1 


e 
o 

3 


SB 

3 


4.06 
3.50 

8.25 


0.90 
0.95 

0.70 


Ammonia. 


Albuminoid. 

i 

• 

•2 

* 

•o 

i 

1 

1 

.  a 

&M 

H 

fi 

00 

,0006 
0006 

0006 


.0096 
.0092 

.00521 


.0076 
.0052 

.0042 


.0020 
.0040 

.0010 


• 

i 

6 

.29 
.27 

.19 

NllBOOKN 
▲8 

1 

Nitrates. 

S 

i 

.0150 
.0200 

1 
t.OlOO 

.0000 
.0000 

.0000 

1 

g 

o 


i 

m 


.19 
.14 

.10 


1.8 
1.S 


Odor,  distlnoUy  vegetable,  and  of  the  last  sample,  also  mouldy. The  first  two  samples  were  col- 
lected from  the  West  Reservoir;  the  last,  from  an  ice  pond  on  a  brook  near  the  buildings,  which  has 
been  used  as  a  source  of  additional  supply  for  the  school.  The  State  Primary  School  is  no  longw  In 
existence,  and  the  grounds  are  to  be  occupied  by  a  State  Hospital  for  Bpileptics. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samplea  was  as  follows:  No. 
17066,  111;  No.  18170, 2,808;  No.  18169, 6. 


Water  Supply  or  Turner's  Falls  Fire  District,  Montague. 

Chemical  Examination  of  Water  from  Lake  Pleasant,  Montagtte, 

[ParU  per  100,000.] 


15007 
16204 
16650 
17080 
17863 
17820 


a 

a 

s, 

m 


1896. 

Jan.  20 
Mar.  18 
May  19 
July  21 
Sept.  2 
Nov.  9 


Afpkabanob. 


V.  sUght. 
V.  slight. 
V.  slight. 
V.  slight. 
Slight. 
SUght. 


V.  slight. 
V.  slight. 
V.  slight. 
V.  slight. 
Cons. 
SUght. 


6 


.08 
.08 
.01 
.02 
.02 
.08 


Kksiduk  on 

Evapora- 

tion. 

• 

Loss  on 
Ignition. 

2.35 

0.70 

2.10 

0.85 

2.30 

0.85 

2.45 

0.55 

2.10 

0.70 

2.00 

0.70 

Ammonia. 


Albuminoid. 


S 


.0048 
.0000 
.0000 
.0004 
.0004 
.0014 


.0080 
.0094 
.0060 
.0106 
.0108 
.0134 


1 


.0072.0008 
.0078.0016 
.0056  .0004' 
.0072  .0034; 
.0068.0040 
.0082  .0052 


9 

O 

1 


.15 
.15 
.14 
.14 
.13 
.14 


KiTKOOKM 
AS 


8 


.0000 
.0080 
.0030 
.0030 
.0000 
.0000 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.11 

.10 

.06 

00 

.12 

.11 


s 

« 


n 


0.6 
0.2 
0.6 
0.2 
0.5 
0.6 


Averages  by  Years. 


1887* 

.03 

2.74 

0.81 

• 

1888 

•m 

•m 

.00 

2.33 

0.49 

- 

1889t 

• 

- 

.01 

2.19 

0.40 

• 

1893 

- 

• 

.04 

2.28 

0.68 

. 

1804 

i. 

. 

.04 

2.13 

0.68 

. 

1895 

• 

• 

.05 

2.32 

0.72 

" 

1896 

- 

"• 

.04 

2.22 

0.72 

.OOU 
.0027 

.0116 

.10 

.0007 

.0071 

- 

— 

.09 

.0085 

.0000 

. 

^ 

.0008 

.0064 

.0062 

.0012 

.09  i 

.0088 

.0000  1  - 

^ 

.0023  .0115 

.0083 

.0032;.  12  j 

.0045.00001  .11 

0.6 

.0022  .0097 

.0076 

.0021 

.12 

.0025  .0000  .11 

0.4 

.0023,.  0095 

.0073 

.0022 

.13 

.0056.0000  .11 

0.6 

.0012 

.0097 

.0071 

.0026, 

1 

.14 

.0023 

.0000 

.11 

0.4 

*  June  to  December.  t  January  to  June. 

NoTB  to  analvses  of  1896:  Odor  of  No.  16650,  sweet;  of  No.  17820,  decidedly  unpleasant;  of  the 

others,  none. No.  17863  was  collected  from  the  lake;  the  remaining  samples,  from  a  faucet  in  the 

pumping  station. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  each  of  these  samples  was  as  foUows  : 
No.  15907,  0;  No.  16294, 31;  No.  16650,  86;  No.  17030, 125;  No.  17363,  704;  No.  17820,  241. 
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MoirrAOUB. 
Montague. 

The  advice  of  the  State  Board  of  Health  to  the  water  supply  com- 
mittee of  the  village  of  Miller's  Falls,  relative  to  the  introduction  of 
a  public  water  supply  for  the  village  of  Miller's  Falls,  in  the  towns 
of  Montague  and  Erving«  may  be  found  on  pages  30  and  31  of  this 
volume.  Analyses  of  samples  of  water  collected  during  the  investi- 
gation of  the  proposed  sources  of  supply  may  be  found  on  page  236 
of  the  annual  report  for  1895. 

Water  Supply  op  Nahant. 

(See  SwampscoUJ) 

Water  Supply  op  Nantucket.  —  Wannaoomet  Water  Company. 

Chemical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket, 

[Parte  per  100,000.] 


o 
1 

Appsabavos. 

Rbsidub  om 

SVAPOBA- 
TIOM. 

Ammovia. 

1 

NITBOOKH 

AS 

• 

1 

a 

6 

i 

^> 

1 

^ 

Loss  on 
Ignition. 

i 

Albuminoid. 

1 

• 

1 

1 

1 

i 

1 

1 

si 

1 

va 

Q 

H 

« 

H 

IM 

H 

Q 

00 

9i 

^ 

o 

n 

1896. 

158M 

Jan.   7 

SUght. 

Slight. 

.03 

0.10 

1.80 

.0004 

.0180 

.0108 

.0022 

8.29 

.0080 

.0000 

.10 

10034 

Feb.   4 

V.sUght. 

V.  slight. 

.03 

0.06 

2.36 

.0000 

.0108 

.0142 

.0020 

2.22 

.0000 

.0000 

.10 

10304 

Mar.  6 

Distinct. 

Slight. 

.04 

0.16 

1.66 

.0000 

.0124 

.0100 

.0024 

2.23 

.0000 

.0000 

.11 

10809 

Apr.  6 

Diatlnot. 

Slight, 
white. 

.08 

0.10 

1.60 

.0000 

.0144 

.0098 

.0046 

1.87 

.0080 

.0001 

.12 

10010 

May  15 

Slight. 

Cons., 

yellow. 
Slight, 

.02 

0.06 

1.70 

.0088 

.0182 

.0110 

.0010 

2.23 

.0060 

.0000 

.09 

10734 

June  2 

Distinct. 

.10 

0.00 

1.70 

.0010 

.0100 

.0144 

.0022 

3.21 

.0000 

.0000 

.14 

rosty. 

10048 

Jnly  7 

V.aligbt. 

V.  slight. 

.10 

0.36 

1.06 

.0004 

.0120 

.0108 

.0013 

3.00 

.0060 

.0000 

.16 

17130 

Ang.  4 

V.aUght. 

Slight, 
brown. 

.06 

6.90 

2.16 

.0000 

.0120 

.0106 

.0020 

2.40 

.0070 

.0000 

.14 

17800 

Sept.  2 

Slight. 

Slight. 

.20 

0.16 

1.86 

.0010 

.0124 

.0106 

.0018 

2.10 

.0020 

.0000 

.09 

17601 

Oct.    6 

SUgbt. 

Slight, 
brown. 

.06 

6.66 

1.20 

.0004 

.0180 

.0162 

.0028 

2.22 

.0030 

.0000 

.18 

17780 

Nov.  3 

<  V.  slight. 

Slight. 

.06 

0.36 

1.36 

.0004 

.0110 

.0110 

.0006 

3.80 

.0080 

.0000 

.12 

17W7 

Deo.  2 

Slight. 

Slight. 

.02 

0.26 

1.30 

.0002 

.0114 

.0078 

.0080 

2.31 

.0020 

.0000 

.07 

Averages  by  Years, 

1887* 

. 

.08 

0.72 

1.20 

.0002 

.0176 

. 

. 

3.20 

.0020 

. 

. 

. 

^ 

1888t 

• 

• 

.06 

6.98 

0.08 

.0002 

.0153 

~ 

. 

2.11 

.0048 

.0002 

. 

. 

^ 

1880t      1 

. 

.10 

» 

. 

.0031 

.0416 

.0200 

.0147 

1.99 

.0037 

.0001 

• 

. 

« 

1890§ 

. 

.00 

— 

. 

.0000 

.0188 

.0127 

.0061 

1.95 

.0026 

.0000 

— 

• 

^ 

189211 

• 

i. 

.22 

7.64 

2.33 

.0112 

.0588  .0317 

.0371 

1.86 

.0076 

.0001 

. 

„ 

. 

. 

.03 

0.84 

1.08 

.0004 

.0136  .0111 

.0025 

2.22 

.0033 

.0000 

— 

„ 

189311 

. 

• 

.22 

7.00 

2.02 

.0013 

.0469 

.0208 

.0261 

2.08 

.0026 

.0000 

.32 

a. 

1894** 

• 

.05 

0.74 

1.05 

.0015 

.0131 

.0108 

.0038 

2.30 

.0000 

.0000 

.12 

» 

1895 

. 

« 

.00 

6.41 

1.67 

.0008 

.0146 

.0119 

.0027 

2.14 

.0024 

.0000 

.14 

— 

1890 

" 

^ 

.00 

0.24 

1.67 

.0008 

.0137 

.0114 

.0023 

3.20 

.0027 

.0000 

.18 

*  Jaly  to  Norember. 

t  February  to  May.                       t  September  to  Noyember. 
11  August  to  December.                IT  May  to  October. 

f  March  and  April. 

•* 

June  to] 

[>eoember. 

NoTB  to  analyses  of  1890 :  Odor,  generallv  distinctly  yegetable,  occasionally  fishy,  frequently  none. 

The  samples  were  collected  as  follows :  Nos.  15856, 10024  and  16204,  from  the  reservoir;  No.  10948, 

from  the  distributing  tank ;  the  remaining  samples,  from  the  pond. 
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NANTUCKET, 

Microscopieal  Examination  of  Water  from  Wannacomet  Pond,  Nantucket, 

[Number  of  organlams  per  cubic  centimeter.] 


18»«. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov.  Dec 

Day  of  ezmminmtlOD,               .       • 

0 

6 

10 

6 

10 

4 

0 

6 

5 

8 

5 

5 

Number  of  iample, .... 

16856|l0024 

10204 

16360 

16610 

16724 

16948 

17180 

17366 

17591 

in86 

1790T 

PLANTS. 

Dlatomaceed,    .... 

815 

146 

1,120 

287 

100 

7 

8 

8 

2 

6 

21 

14 

Aaterionella,      .... 

Ovdotella, 

Navicala, 

Syoedra, 

OVibellaria.         .... 

7 
0 
0 
806 
0 

0 
0 
0 
146 
0 

0 
0 
0 
1,120 
0 

0 
0 

1 

236 
0 

0 

0 

24 

36 

40 

0 
0 
3 
1 
8 

0 
0 
0 
8 
0 

0 
0 
0 
3 
0 

0 
0 
0 
2 
0 

0 
0 

1 

5 
0 

0 
14 
2 
5 
0 

0 

8 
4 
8 
0 

Alff8d,  Protoooecus,      •       • 

0 

0 

0 

0 

5 

0 

0 

4 

0 

0 

0 

6 

ANIMALS. 

Bhizopodci,  Difflugia, 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

InftiBoria, 

85 

18 

1,243 

577 

246 

0 

0 

2 

1 

2 

1M 

106 

Oeralium, 

Dioobryon,        .... 
Peridinium,       .... 
Traohelomonaa, 

0 
84 

1 
0 

0 

11 

2 

0 

0 

1,240 

2 

1 

0 

552 

24 

1 

0 

244 

2 

0 

0 
0 
0 
0 

0 
0 
0 
0 

2 
0 
0 
0 

0 
0 
0 

1 

0 
2 
0 
0 

0 

154 

0 

0 

0 

108 

0 

0 

Vermes, 

8 

0 

0 

5 

0 

0 

0 

2 

1 

0 

0 

0 

Anurea, 

Polyarthra,        .... 
Botatorian  ova,         . 

3 
0 
0 

0 
0 
0 

0 
0 
0 

0 
2 
8 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
2 
0 

0 

1 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

OruBtacea,  Oyclope,  . 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

Mi9e«Uaneou9, 

0 

0 

20 

0 

60 

10 

0 

20 

10 

15 

10 

6 

Aoarlna.     ..... 

.04 

0 
0 

0 
20 

.10 
0 

0 
60 

0 

10 

0 
0 

.02 
20 

0 
10 

0 
15 

0 
10 

0 

ZoQgloea, 

0 

0 

Total, 

405 

159 

2,383 

810 

411 

17 

1 

8 

81 

14 

23 

185 

122 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 

Water  Supply  of  Natick. 

Chemical  Examination  of  Water  from  Dug  Pond,  Natick, 

[ParU  per  100,000.] 


245 


NATICK. 


a 

a 


o 

o 
O 

s 

Q 


16840 
16010 
10185 
18868 
16685 
16708 
16018 
17127 
17408 
17668 
17774 
17984 


1896. 

Jan.  6 

Feb.  3 
Mar.  2 
Apr.  1 
May  4 
June  1 
July  1 
Aag.  4 
Sept.  8 
Oct.  1 
Not.  2 
Dec  2 


Appbaba»ci. 


I 


Slight. 

Dlitlnet, 
clayey. 

Slight, 
milky. 

Diatlnet. 

Slight. 

Slight. 

milky. 
SUght. 

V.sUght. 

Slight. 

V.sUght. 

Distinct. 

Distinct. 


Slight. 
Slight. 
SUght. 
SHght. 
Slight. 
Slight. 
Slight. 
SUght. 
SUght. 
SUght. 
SUght. 
SUght. 


o 


.15 

.50 
.23 
.12 
.20 
.15 
.08 
.08 
.08 
.08 
.12 
.10 


RxaiDUK  ON 
EVAPORA- 

TIOM. 

• 

a 

6.25 

1.65 

6.66 

2.85 

6.55 

1.80 

5.60 

1.60 

5.90 

1.50 

6.06 

2.30 

6.40 

1.80 

6.95 

2.25 

6.75 

1.75 

6.15 

1.00 

6.80 

1.66 

5.85 

1.10 

Ammomia. 


I 


Albomlnold. 


o 


•8 


i 
is. 

00 


.0080 
.0088 
.0028 
.0078 
.0086 
.0090 
.0012 
.0006 
.0000 
.0030 
.0142 
.0116 


.0184 
.0146 
.0202 
.0168 
.0190 
.0160 
.0180 
.0196 
.0166 
.0188 
.0156 
.0188 


.0142 
.0112 
.0164 
.0138 
.0178 
.0128 
.0168 
.0178 
.0106 
.0166 
.0188 
.0148 


.0042 
.0084 
.0038 
.0080 
.0012 
.0022 
.0012 
.0024 
.0060 
.0022 
.0018 
.0040 


.86 
.81 
.84 
.80 
.90 
.86 
.88 
.86 
.88 
.86 
.91 
.90 


NlTBOGBW 


i 


.0460 
.0600 
.0460 
.0600 
.0880 
.0600 
.0200 
.0080 
.0020 
.0080 
.0100 
.0220 


.0002 
.0004 
.0008 
.0006 
.0007 
.0001 
.0005 
.0001 
.0000 
.0000 
.0000 
.0000 


i 

B 

a 

I 


.28 
.80 
.22 
.31 
.26 
.88 

.26 
.16 
.22 
.19 
.20 


i 


2.5 
2.4 
2.8 
2.1 
2.8 
2.0 
2.2 
2.2 
2.8 
2.1 
2.4 
2.5 


Averages  by  Tears, 


- 

1887* 

- 

- 

.14 

5.25 

1.21 

.0089 

.0215 

- 

• 

.70 

.0060 

« 

- 

- 

- 

1888 

- 

- 

.13 

5.24 

1.09 

.0070 

.0228 

- 

- 

.66 

.0197 

.0003 

- 

- 

- 

1889 

- 

- 

.16 

6.55 

1.20 

.0046 

.0242  .0197 

.0045 

.71 

.0202 

.0004 

- 

- 

- 

1890 

- 

- 

.14 

6.86 

1.86 

.0027 

.0199  .0166 

.0088 

.72 

.0227 

.0002 

- 

2.7 

- 

1801 

- 

- 

.09 

6.71 

1.45 

.0085 

.0207  .0167 

.0040 

.69 

.0826 

.0003 

- 

2.4 

- 

1892 

- 

- 

.06 

5.38 

1.24 

.0068 

.0173 

.0185 

.0088 

.72 

.0328 

.0001 

- 

2.4 

- 

1893 

- 

- 

.08 

5.28 

1.89 

.0062 

.0192  .0158 

.0034 

.71 

.0193 

.0003 

.28 

2.1 

- 

1894 

- 

- 

.10 

5.64 

1.65 

.0060 

.0165 

.0182 

.0023 

.80 

.0218 

.0001 

.21 

2.8 

1896 

- 

- 

.13 

6.27 

1.86 

.0044 

.0191 

.0164 

.0087 

.87 

.0812 

.0001 

.24 

2.6 

- 

1896 

- 

- 

.16 

6.19 

i.n 

.0045 

.0176 

.0147 

.0029 

.86 

.0290 

.0002 

.25 

2.8 

*  Jane  to  December. 

NoTX  to  analyses  of  1896 :  Odor,  generally  vegetable,  frequently  mouldy  or  unpleasant.  — ^  The 
samples  were  eoUected  from  a  faucet  at  the  pumping  station. 
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NANTUCKET. 

MicroscopiecU  Examination  of  Water  from  Wannacomet  Pond,  Nantucket, 

[Number  of  organUms  p«r  oabio  eenUmeter.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

Maj. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

Day  of  ezaminattoo,       .       .       . 

9 

0 

10 

8 

19 

4 

9 

6 

5 

8 

5 

5 

Number  of  sample, .... 

1685(Nlfl024 

10204 

10809 

10610 

10724 

16948 

17180 

17306 

17591 

in86 

1799T 

PLANTS. 

Dlatomaceed,    .... 

815 

146 

1,120 

287 

100 

7 

8 

8 

2 

6 

21 

14 

AsterlODella,     .... 

Ovdotella, 

Navloala, 

Syoedra, 

tabellaria,         .... 

7 
0 
0 
308 
0 

0 
0 
0 
140 
0 

0 
0 
0 
1,120 
0 

0 
0 

1 

230 
0 

0 

0 

24 

36 

40 

0 
0 
3 
1 
8 

0 
0 
0 
8 
0 

0 
0 
0 
3 
0 

0 
0 
0 
2 
0 

0 
0 

1 

5 
0 

0 
14 
2 
5 
0 

0 
2 

4 
8 
0 

Alff8d,  Protoooecas, 

0 

0 

0 

0 

5 

0 

0 

4 

0 

0 

0 

• 

ANIBCAL8. 

Bhizopoda*  Difflagia, 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

InftiBoria, 

85 

18 

1,243 

577 

246 

0 

0 

2 

1 

2 

1M 

166 

Oeratiam, 

DinobryOD,        .... 
PerldiDium,       .... 
Traohelomonaa,        .       . 

0 

84 

1 

0 

0 

11 

2 

0 

0 

1,240 

2 

1 

0 

552 

24 

1 

0 

244 

2 

0 

0 
0 
0 
0 

0 
0 
0 
0 

2 
0 
0 
0 

0 
0 
0 

1 

0 
2 
0 
0 

0 

154 

0 

0 

0 

108 

0 

0 

Vermes, 

8 

0 

0 

5 

0 

0 

0 

2 

1 

0 

0 

0 

Anarea, 

Polyarthra,        .... 
BotatoriaD  ova, 

3 
0 
0 

0 
0 
0 

0 
0 
0 

0 
2 
3 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
2 
0 

0 

1 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Crustacea,  Oydopa, . 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

6 

Miteellaneom, .       .... 

0 

0 

20 

0 

60 

10 

0 

20 

10 

15 

10 

6 

AcArina.     ..... 

.04 

0 
0 

0 
20 

.10 
0 

0 
00 

0 
10 

0 
0 

.02 
20 

0 
10 

0 
15 

0 
10 

0 

ZodgloBa 

0 

0 

Total, 

405 

159 

2,383 

819 

411 

17 

8 

81 

14 

23 

185 

122 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


245 


NATICK. 


Water  Supply  of  Natick. 

Chemical  Examination  of  Water  from  Dug  Pond^  Natick, 

[ParU  per  100,000.] 


a 

a 
9i 


a 
o 


6 


16840 
10010 
18185 
18868 
16685 
16708 
16018 
17127 
17408 
17668 
17774 
17904 


18»«. 

Jan.  6 

Feb.  3 
Mar.  2 
Apr.  1 
May  4 
June  1 
July  1 
Aug.  4 
Sept.  8 
Oet.  1 
Not.  2 
Dee.  2 


Appbaxaxom. 


i 


Slight. 

Slight. 

DUtlDCt, 
clayey. 

Slight, 
milky. 

Diitinet. 

Blight. 
Slight. 
Slight. 

Blight. 

SUgbt. 

Slight. 

milky. 
SUgbt. 

SUght. 
Slight. 

V.sUght. 

SUght. 

Slight. 

SUght. 

V.  slight. 

SUgbt. 

Diatinct. 

SUght. 

DiltiDCt. 

SUght. 

.15 
.50 
.28 
.12 
.20 
.15 
.08 
.08 
.08 
.06 
.12 
.10 


RE8IDDB  OM 

EVAPORA- 

TIOM. 


3 


6.25 
6.65 
6.55 
5.60 
5.90 
6.05 
6.40 
6.95 
6.75 
5.15 
6.80 
5.85 


I 


1.65 
2.85 
1.80 
1.60 
1.50 
2.80 
1.80 
2.25 
1.75 
1.00 
1.66 
1.10 


Ammovza. 


I 


AlbDminoid. 


i 

00 


.0080 
.0088 
.0028 
.0078 
.0036 
.0020 
.0012 
.0006 
.0000 
.0080 
.0142 
.0116 


.0184 
.0146 
.0202 
.0168 
.0190 
.0150 
.0180 
.0196 
.0166 
.0188 
.0156 
.0188 


.0142 

.0112 
.0164 
.0188 
.0178 
.0128 
.0168 
.0172 
.0106 
.0166 
.0188 
.0148 


.0042 
.0084 
.0088 
.0080 
.0012 
.0022 
.0012 
.0024 
.0060 
.0022 
.0018 
.0040 


.86 
.81 
.84 
.80 
.90 
.86 
.88 
.86 
.88 
.85 
.91 
.90 


NiTROOBir 
AS 


s 


.0450 
.0500 
.0450 
.0500 
.0880 
.0600 
.0200 
.0080 
.0020 
.0080 
.0100 
.0220 


.0002 
.0004 
.0008 
.0005 
.0007 
.0001 
.0005 
.0001 
.0000 
.0000 
.0000 
.0000 


1 


.28 
.80 
.22 
.81 
.26 
.88 

.25 
.15 
.22 
.19 
.20 


i 


2.5 
8.4 
2.8 
2.1 
2.S 
2.6 
2.S 
2.2 
2.8 
2.1 
2.4 
2.5 


Averages  by  Tears* 


1887* 

- 

- 

.14 

5.25 

1.21 

.0089 

1888 

- 

- 

.18 

5.24 

1.09 

.0070 

1889 

- 

- 

.16 

5.55 

1.20 

.0046 

1890 

- 

- 

.14 

6.85 

1.86 

.0027 

1801 

- 

- 

.09 

5.71 

1.45 

.0085 

1892 

- 

- 

.06 

5.88 

1.24 

.0068 

1898 

- 

- 

.08 

5.28 

1.89 

.0062 

1894 

- 

- 

.10 

5.64 

1.65 

.0060 

1895 

- 

- 

.13 

6.27 

1.86 

.0044 

1896 

1 

- 

.15 

6.19 

1.77 

.0045 

.0215 
.0228 
.0242  .0197 
.0199.0166 


.0207 
.0178 


.0167 
.0185 


.0192  .0158 


.0155 
.0191 


.0182 
.0164 


.0176  .0147 


- 

.70 

.0050 

• 

- 

- 

.66 

.0197 

.0003 

- 

.0045 

.71 

.0202 

.0004 

- 

.0088 

.72 

.0227 

.0002 

tm 

.0040 

.69 

.0826 

.0003 

- 

.0088 

.72 

.0828 

.0001 

- 

.0084 

.71 

.0198 

.0003 

.28 

1 

.0023 

.80 

.0218 

.0001 

.21 

.0027 

.87 

.0312 

.0001 

.24 

.0029 

.86 

.0290 

.0002 

.25 

2.7 
2.4 
2.4 
2.1 
2.8 
2.6 
2.8 


*  Jane  to  December. 

NoTB  to  analyses  of  1896 :  Odor,  generally  vegetable,  frequently  monldy  or  nnpleasant. The 

plea  were  eoUected  from  a  faucet  at  the  pumping  station. 
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NATICK. 


Microscopical  ExamiruUion  of  Water  from  Dug  Fond,  NaUck, 

[Number  of  organliins  p«r  oublo  oeotimeter.] 


18»«. 


Jul. 


Feb. 


Mar.  Apr. 


May. 


June. 


J0I7. 


Ang. 


Sept 


Oct 


Kov. 


Dee. 


Day  of  examination, 
Number  of  sample,  . 


PLANTS. 
Dlatomsoeed,    . 

Aeterlonella, 
Cyclotella, . 
IMatoma,  . 
Fragilaria, . 
Melosira,  . 
Navicnla,  . 
Stephanodiscne, 
Synedra,  . 
Tabellaria» 


Oyanophyceed, 

OlathrooyeUe, 
Microeystis, 
Ohlorococcne, 
Protoccna, . 
Rapbidlnm, 


7 
15840 


5 
10010 


4 

16185 


8 
16868 


5 

16635 


8 
16708 


8 
16018 


6 
17127 


1,792 

1,850 

88 

88 

97 

89 

1,360 

0 

26 

80 

8 

8 

48 

56 

0 

14 

0 

0 

0 

0 

0 

0 

8 

0 

8 

0 

0 

0 

0 

0 

876 

8 

0 

7 

36 

6 

0 

0 

1 

0 

2 

0 

0 

0 

8 

0 

86 

7 

0 

1.764 

3 

4 

0 

2 

0 

22 

0 

8 

7 

22 

11 

0 

8 

0 

2 

5 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

3 

0 

2 

1 

120 

8 

02 
0 
0 
0 
0 
0 
0 
20 


182 

2 

0 

0 

152 

28 


81 

0 
0 
0 
0 
6 
1 
0 
24 
0 


10 
2 
0 

80 
4 


10 
17403 


2 
17568 


28 

2 
0 
0 
0 
21 
0 
0 
0 
0 


12 

0 

11 

0 

1 

0 


56 

86 
0 
0 
0 

14 
2 
0 
4 
0 


0- 

8 

0 

0 

0 


58 
4 

0 
0 
820 
4 
0 
74 
0 


10 

0 
8 
0 
0 
2 


17n4170M 


2,804 

1.360 
0 
0 
0 

1,286 
0 
0 
0 
8 


0 
0 
0 
0 

0 


ANIMALS. 

Inftisoria,   . 


OeraUnm,  . 

Dinobryon, 

Euglena,    . 

Monaa, 

Perldininm, 

Tracbelomonae, 


Termes,  Anarea, 


OroBtacea,  Oyciope, 


•  • 


12 

0 

11 

0 

0 

1 

0 


0 
0 


0 
0 
0 
0 
0 
0 


0 
2 
1 
1 
0 
0 


0 
.10 


244 

0 
240 
0 
0 
2 
2 


0 

.04 


82 

0 
82 
0 
0 
0 
0 


0 

0 


6 

4 

0 
0 
0 
2 
0 


4 

0 


8 

3 
0 
0 
0 
0 
0 


2 

0 


0 
0 
0 
0 

1 

0 


0 
0 


104 

0 
100 
0 
0 
2 
2 


0 

.02 


0 

4 
0 
0 
2 
0 


0 
0 


0 
0 

0 
12 

0 
12 


0 
0 


MUe€llane<m»t 

Acarlna, 
Zo&glosa, 

Total, 


20 

40 

60 

15 

20 

0 

0 

20 

0 

80 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

20 

40 

60 

15 

20 

0 

0 

20 

0 

80 

20 

0 
20 


66 

0 
60 


1,835 


1,891   101 


82     368 


76 


312 


152 


36 


198 


006 


2,688 
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NATICK. 

Table  showing  Heights  of  Water  in  Dug  Pond  on  the  First  of  Each  Month  in  1896. 

[Hlgb>wftter  mark  la  18.0  feet.] 


Jan.  1, 
Feb.  1, 
Marehl, 
April  1, 
May  1, 
June    1, 


1896. 


Height  of 
Water. 


Feet 
18.00 


12.88 
18.42 


18.88 


12.92 
11.68 


Jnly  1 
Aug.  1 
Sept.  1 


Oct.    1 


Nov.  1 
Dec.  1 


1896. 


Height  of 
Water. 


Feet 
10.60 


9.83 
8.00 
7.92 
8.25 

8.76 


Water  Supply  of  Needham. 

Chemical  Examination  of  Water  from  the  Needham  Water  Works. 

[Parts  per  100,000.] 


• 

Appcabahok. 

on. 

AMMONIA. 

Nino^BH 

i 

1 

1  A 

^ 

A8 

1 

1 

Date  of 

• 

1 

o 

§ 

1 

Residue  oi 
Evapo 

• 

i 

En 

"3 

5 

i 
1 

1 

• 

1 

Oxygen 
Com 

1 

1 

1896. 

16800 

Apr.    7 

None. 

None. 

.00 

6.90 

.0000 

.0004 

1.04 

.2100 

.0000 

.00 

2.2 

.0020 

17682 

Oct.     5 

None. 

None. 

.00 

6.40 

.0000 

.0014 

0.77 

.1060 

.0000 

.04 

1.9 

.0000 

Averages  by  Tears, 


1891* 

1892t 

1898 

1894 

1896t 

1896 


- 

- 

.00 

6.10 

.0022 

.0022 

0.72 

.1600 

.0000 

- 

1.7 

- 

- 

.00 

6.12 

.0000 

.0001 

0.66 

.1400 

.0000 

- 

2.1 

- 

- 

.00 

5.28 

.0000 

.0007 

0.68 

{.1230 

.0000 

.06 

1.9 

1           " 

- 

.01 

6.18 

.0013 

.0006 

1 

0.66 

.1367 

.0000 

.01 

1.7 

- 

.00 

6.20 

.0000 

.0006  1 

0.78 

.1300 

.0000 

.02 

1.8 

- 

- 

.00 

6.66 

.0000 

.0009 

0.90 

.1676 

.0000 

.02 

2.0 

.0072 
.0000 
.0020 
.0000 

.0010 


*  November. 


t  July  and  Anguat. 


X  April  and  October. 


NoTB  to  analyses  of  1896 :  Odor  of  tbe  first  sample,  faintly  eartby ;  of  tbe  last,  none. Tbe  first 

■ample  was  ooUected  from  a  fancet  at  a  drinking  fountain,  and  tbe  second  from  a  faucet  at  tbe  pumping 
station. 


Microscopical  Examination. 


No  organisms. 
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NEW  BEDFORD. 


Water  Supply  or  New  Bedford. 

Chemical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water 

Works. 

[Parts  per  100,000.] 


1 

• 

O 

** 

^ 

o 

O 

u 

<M 

Si 

o 

B 

o 

3 

s 

^. 

^ 

180661 
16131 
16803 
16548 
166n 
16863 
17077 
17817 
17616 
17688 
17032 
18213 


1896. 

Jan.  28 

Feb.  24 
&rar.23 
May  6 
May  26 
Ji]ne23 
Jaly28 
Aiig.27 
Septal 
Oct.  21 
Nov.  23 
Deo.  20 


Appkarancb. 


•3 

u 

9 


4i 

c 

a 


u 

Jg 

o 


V.  slight. 
V.  slight. 
Slight. 
V.  slight. 
Slight. 
Distinct. 
Slight. 
V.  slight. 
Slight.   . 
V.  slight. 
None. 
SUght. 


V.sUght. 
V.  slight. 
Slight. 

Cods., 

rusty. 
Slight. 

Blight. 

Coos., 

browD. 
Slight. 

Slight. 

Slight. 

V.  slight. 

Slight. 


1.80 
1.20 
0.03 
1.00 
1. 10 
1.20 
1.70 
0.95 
0.65 
1.15 
1.60 
1.40 


Residub  on 
Evapora- 
tion. 


o 


6.66 
5.00 
4.35 
4.35 
4.35 
4.75 
5.75 
4.50 
4.40 
5.50 
6.80 
6.95 


c 
o 


3 


Ammonia. 


Albuminoid. 


i 

o 
H 


> 
o 


V 

•o 
•  ? 

3  P. 
I  CO 


I 

2 
o 


8.40 

.0036 

2.15 

.0012 

1.80 

.0006 

2.45 

.0014 

1.86 

.0000 

2.40 

.0006 

2.60 

.0016 

2.00 

.0000 

2.25 

.0004 

2.95 

.0006 

3.80 

.0030 

8.40 

.0020 

.0284 
.0220 


.0258 
.0204 


.0148  .0128 

! 
.0200  .0172 


.0242 
.0282 
.0816 
.0246 
.0286 
.0242 
.0298 
.0264 


.0200 
.0272 
.0284 
.0218 
.0260 
.0228 
.0272 
.0222 


.0026 
.0016 
.0020 
.0028 
.0042 
.0010 
.0032 
.0028 
.0026 
.0014 
.0026 
.0042 


.77 
.47 
.48 
.68 
.63 
.50 
.52 
.51 
.61 
.60 
.72 
.76 


KiTROGKN 
AS 


s 


.0060 
.0060 
.0070 
.0000 
.0300 
.0070 
.0070 
.0020 
.0080 
.0070 
.0080 
.0090 


.0000 
.0001 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0003 
.0001 
.0000 


a 

9 
m 

c 
o 

e 
o 


1.44 
1.10 
0.93 
0.84 
0.04 
1.18 
1.08 
1.08 
0.62 
1.66 
1.68 
1.80 


c 
•a 
u 


1.8 
1.8 
1.8 
1.1 
1.1 
d.9 
1.0 
0.0 
0.8 
1.6 
1.4 
1.8 


Averages  by  Tears. 


1887* 

- 

- 

1.37 

6.16 

1.05 

1888 

- 

- 

1.48 

5.19 

2.82 

1889 

- 

- 

1.61 

8.96 

1.74 

1890 

- 

- 

1.48 

5.01 

2.41 

1891 

- 

- 

0.95 

8.90 

1.81 

1892 

- 

- 

1.10 

4.87 

2.24 

1898 

- 

- 

1.35 

5.05 

2.36 

1894 

- 

- 

1.21 

4.80 

2.18 

1896 

- 

- 

1.01 

4.72 

2.21 

18961 

- 

- 

1.19 

5.36 

2.68 

.0021 
.0014 
.0014 
.0013 
.0005 
.0006 
.0022 
.0012 
.0009 
.0013 


.0296 
.0254  - 
.0241 
.0232 


.0206  .0035 

.0196  .0037 

.0026 


.0197  .0171 
.0227.0194.0033 
.0224:. 0189. 0035 
.0194  .0178  .0016 


.0222 
.0256 


.0198 
.0230 


.0024 
.0025 


.56 
.53 
.50 
.45 
.42 
.52 
.51 
.53 
.54 
.58 


.0187 
.0188 
.0108 
.0126 
.0108 
.0108 
.0051 
.0058 
.0053 


.0001 
.0001 
.0001 
.0000 
.0001 
.0001 
.0000 
.0000 


.0075  .0001 


1.04 
0.99 
1.01 
1.22 


1.2 
0.8 
1.0 
1.0 
1.0 
1.1 
1.8 


*  Jane  to  December. 

t  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  haa  been 
used  in  making  the  average. 

Note  to  analyses  of  1896 :  Odor, distinctly  vegetable  and  mouldy.— ^ The  samples  were  collected 
from  the  conduit,  at  its  entrance  \o  the  receiving  reservoir,  and  represent  water  from  the  storage 
reservoir.    For  heights  of  water,  see  page  251. 
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NEW  BEDFORD. 

Microscopical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water 

Works. 

[Namber  of  organlims  per  cable  centimeter.] 


189«. 


Jan. 


Feb. 


Mar. 


May. 


May. 


Jane. 


'July. 


Aug. 


Sept. 


Oct 


Nov. 


Dee. 


D«7  of  examinatioD, 
Number  of  aample. 


80 

25 

24 

7 

27 

24 

30 

28 

22 

22 

26 

16060 

10131 

10303 

16648 

10677 

16863 

17077 

17317 

17616 

17688 

17082 

12 

IS 

8 

8 

M 

1 

8 

0 

0 

2 

12 

0 

13 

0 

0 

0 

0 

0 

0 

0 

0 

8 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

2 

0 

3 

8 

24 

1 

0 

0 

0 

2 

8 

0 

0 

0 

0 

0 

0 

0 

0 

70 

0 

0 

4 

0 

H 

0 

0 

115 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

0 

0 

4 

0 

4 

0 

0 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

81 
18218 


PLANTS. 

Dlatomace89,    . 

AaterioDella, 

Sirdotella, . 
eloeira,    . 
Synedra,    . 


Oy  anophy  ce89,  Merlamopedia, 
AlffflB,     . 


ProtocoocQS, 

Raphidium, 

Btaurogenia, 


2 

0 
0 
0 
2 


0 

0 
0 
0 
0 


ANIMALS. 

Infusoria,   . 

DlDobryon, 
Euglena,  . 
Monaa,  • 

Perldtoium, 
Trachelomooaa, 

Vermes,  Aaplanchna, 


5 

14 

7 

1 

4 

0 

1 

0 

0 

1 

2 

0 

11 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

6 

0 

8 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 

0 
0 
0 
0 


MUceUaneou*, 

Aearioa,     . 
ZodgloB*,    . 


40 

20 

3 

0 

20 

10 

20 

10 

0 

80 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

20 

8 

0 

20 

10 

20 

10 

0 

80 

0 

Total, 


61 


40 


87 


48 


126 


88 


10 


70 


88 


14 


0 
0 


8 


Chemical  Examination  of  Water  from  Little  Quittacas  Pond,  Lakeville, 

fParU  per  100,000.] 


16608 
17816 
18210 


§ 


o 

S 

m 

Q 


18SS. 

Apr.  20 

Aug.  27 
Dec.  20 


AFnAMAXOB. 


s 

a 

00 


Slight. 

y.aUght. 

Dlatioet. 


o 
o 
O 


Slight.  .20 
V.  Blight.  .22 
V.  slight.'. 20 


BE8IODK  ON 

EVAPORA- 

TIOH. 


s 


8.10 
2.06 
3.46 


e 
o 

!l 


S 


1.06 
1.36 
1.40 


AmcomA. 


Albuminoid. 

• 

1 

• 

^ 

.s 

•o 

1 

1 

i 

a 

•  a 
00 

.0010 
.0000 
,0000 


.0176 
.0212 
.0104 


.0164 
.0174 
.0142 


.0022 
.0038 
.0062 


4 

a 


.47 
.62 
.60 


NlTSOOBK 
AS 


S 

S 


.0070 
.0030 
.0000 


.0000 
.0000 
.0000 


i 


.38 
.34 
.41 


i 


0.6 
0.6 
0.0 
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UnSW  BEDFORD. 

Chemical  Examination  of  Water  from  Little  Quitlacas  Pond,  Lakeville  — 

Concluded. 

Averages  by  Years, 

[ParU  per  100,000.] 


§ 


s 

'8 


1887* 

1888t 

1803 

1804 

1805 

1890 


Apfsarawcs. 


.28 
.15 
.11 
.18 
.18 
.21 


RK8ID 

UK  OH    1 

EVAPOBA- 

TIOM. 

• 

a 

s 

-: 

§& 

1 

•^^ 

2.02 

1.10 

3.00 

1.16 

3.02 

1.28 

2.91 

0.96 

3.17 

1.25 

3.17 

1.27 

Ammovia. 


Albuminoid. 

■ 

1 

• 

1 

•a 

• 

1 

o 

s 

O  P, 

b« 

H 

Q 

00 

.0003 
.0003 


.0149 
.0171 


.0015  .0156 
.00021.0165 
.00081.0162 
.0003.0194 


.0128 
.0187 
.0187 
.0167 


.0028 
.0028 

.0025 
.0037 


i 

X 

o 


.51 
.48 
.48 
.48 
.51 
.68 


NiTKOOBN 


I 


.0036 
.0036 
.0026 


3 


.0001 
.0000 


.0008.0000 


.0037 
.0033 


.0000 
.0000 


o 
o 

S 


.20 
.81 
.81 
.30 


0.6 

0.7 
0.7 
0.7 


*  Jane  and  September.  f  January  and  May. 

NoTK  to  analyses  of  1896 :  Odor,  none. The  Minplet  were  collected  from  the  pond.    For  beifbt 

of  water  in  this  pond,  see  page  261. 

Microscopical  Examination, 

No.  16508.  DiatomaoeiB,  Atterionella^  86;  MeloHra,  4:  2faviculat2',  8ynedra,2,  Algm,  Protoeoo 
ctM,  9.    Vermes,  Anurea,  2.    MlsoeUaneoas,  zodgUxa,  5.    Total,  60. 

No.  17816.    Algm,  Protococcut,  220.    Omstacea,  Oycloptt  .02.    ToUl,  220. 

No.  18210.  JyiAtommoem,  Atterionellat  4;  Syrudra,!,  Infusoria,  7VacA«tomonat,  5.  Mlscellaoeons, 
Zodglaa,  6.    Total,  15. 

Chemical  Examination  of  Water  Jrom  GrecU  Quiitacas  Pond^  Lakeville, 

[ParU  per  100,000.] 


Residue  on  ' 

1  _•  1 

i 

Appbabangb. 

Evapora- 

Ammohia. 

NiTBOOBN 

s 

S 

o 

3 

1 

tion.       1 

• 

1 

6 

AS 

• 

s 

i 

B 

00 

1 
o 

5 

• 

I 

Loss  on 
Ignition. 

i 

Albaminoid. 

• 

s 

• 

• 
e 

i 

a 

a 

1 

Q 

i 
si 

00 

a  '   8 

s  1 

8    5 

18»«. 

10507 

Apr.  29 

Slight. 

Slight. 

.57 

3.00 

1.65  ! 

.0006 

.0192 

.0178 

.0014 

.46 

.0070.0000 

.66 

0.7 

17316 

Aag.27 

V.  slight. 

V.  slight. 

.40 

3.50 

1.60  1 

.0000 

.U1M 

.0160  .0030 

.58 

.oooo.ooool'.oo 

0.0 

18212 

Deo.  29 

None. 

1 

V.  slight. 

.58 

4.36 

1.85 

.0008 

i 

.0212 

.0182  .0030 

.66 

.0020,.000r.90 

!         I          ! 

O.S 

Averages  by  Years, 


1893* 

- 

- 

.65 

j 

3.62 

1.70 

t 

.0001 

.0152 

.0126 

.0026 

.40 

1894 

- 

- 

.49 

3.30 

1.36 

.0002 

.0154 

.0139 

.0015 

,.60 

1 

1895 

- 

- 

.40 

3.30 

1.22 

.0001 

.0154 

.0133 

.0021  .53 

1 

1896 

- 

- 

.62 

3.82 

1.67 

.0005 

.0198 

.0173 

.0025 

1 

.55 

.0010.0000 
.0017  .0000 
.0020  .0000 

.ooso'.oooo 


.52 

0.6 

.60 

0.0 

.62 

0.0 

.75 

O.T 

*  Five  samples,  July  to  September. 

NoTB  to  analvaes  of  1896 :  Odor  of  the  first  two  samples,  distinctly  vegetable ;  of  the  last,  none,  be* 
eoming  very  faintly  vegetable  on  heating. The  samples  were  collected  from  the  pond. 

Microscopical  Examination. 

No.  16607.  DiatomacesB,  A»Urionellat  16;  Navicular  2;  Sifnedra^  3.  Infusoria,  Dlnobrifon,  7. 
Miscellaneous,  ZoSglcM,  8.    Total,  31. 

No.  17315.  DiatoraacesB,  ^«f<'r/on/'//a,  39;  Melotira,  8.  Cyanophyoe»,  MlerocyHit,  5.  Infusoria, 
Mallomonattl;  Peridinium,lQ.    Vermes, /\>/yar<Ara.  1.    Total,  70. 

No.  18212.    DiatomaoesD,  Synedra,  2.    Infusoria,  Peridiniumt  2.    Total,  4. 
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NEW  BEDFORD. 

Chemical  Examination  >f  Water  from  Long  Pond,  Lakeville. 

[Parte  per  100,000.] 


I 


16600 
17814 
18211 


5 


1896. 

Apr.  29 

Aag.37 
Dee.  29 


AprsAXAircs. 


I 


a 


o 
O 


Rksiduk  on 
Evapora- 
tion. 


None. 

V,ilight. 

Slight. 


V.ellgbt. 
V.  alight. 
SUght. 


1.10 
0.70 
1.05 


e 
o 


3.95 
8.76 
4.80 


1.95 
2.00 
2.66 


Ahmonia. 


Albamlnold. 


g 


3 

o 
H 


I 


i 

•a 
«  « 

8  A 
CO 


.0012 
.0000 
.0004 


.0206 
.0282 
.0218 


.0104 
.0198 
.0186 


.0012 
.0084 
.0062 


I 


.48 
.52 
.68 


NiTKOOBN 
AS 


.0000 
.0000 
.0020 


.0000 
.0000 
.0001 


a 

0 

OB 

c 
o 


M 

o 


1.04 
0.93 
1.62 


s 


0.4 
0.8 
0.9 


Averages  by  Tears, 


1891* 

- 

- 

0.56 

8.16 

1.62 

.0000 

.0180 

.0114 

.0016 

.49 

.0020 

.0000 

- 

0.8 

- 

1898t 

- 

- 

0.86 

8.66 

1.92 

.0000 

.0166 

.0144 

.0022 

.43 

.0018 

.0000 

0.78 

0.8 

- 

1894 

- 

- 

1.00 

8.80 

1.94 

.0002 

.0188 

.0162 

.0021 

.47 

.0018 

.0000 

0.90 

0.6 

- 

1806 

- 

- 

0.89 

4.07 

2.25 

.0002 

.0190 

.0167 

.0023 

.53 

.0010 

.0000 

0.96 

0.6 

- 

1806 

- 

- 

0.96 

4.17 

2.17 

.0006 

.0219 

.0193 

.0026 

.68 

.0007 

.0000 

1.16 

0.6 

*  December,  two  eamplee. 


t  July  to  September,  five  Munplee. 


Note  to  analysee  of  1896 :  Odor  of  the  flret  two  samplee.  vegetable;  of  the  laat,  none,  becoming  very 
faintly  vegetable  on  heating. The  aamplea  were  collected  from  the  pond. 

Microscopical  Examination, 

No.  16609.    DiatomaeeiB,  Melotira,  8;  Sj/nedra,  4.    Infaaorla,  ZHnobryon  ctuea,  10.    Misoellaneoaa, 
ZodgUMa,b,   Total,  27. 

No.  17814.    Infoaorla,  PtHdiniumt  1*    Vermel,  Anureat  1.    Total,  2. 

No.  18211.    TAaAommoBm^EpUhemiat^i  Fragilariat^'t  Synedra^l.    Total,  11. 


lable  showing  Heights  of  Water  in  Acushnet  Reservoir  and  Little  Quittacas  Pond 

on  the  First  of  Each  Month  in  1896. 


18M. 


Jan.     1,  . 

Feb.     1,  . 

March  1,  . 

AprU  1,  . 

May     1,  . 

Jone    1,  . 


Aeathnet 
Reservoir. 

DIstence  be- 
low Hfgh- 
water  Mark. 


LItUe  Quit-  , 
tacas  Pond,  j 

Dlttence  be- 
low High- 
water  Mark 


Feet. 
0.00 

0.33 

0.00 

0.00 

0.88 

0.67 


Feet. 
2.83 

2.33 

1.33 

0.26 

0.50 

0.58 


July  1 
Aug.  1 
Sept.l 
Oct.  1 
Nov.  1 
Dec.  1 


18»«. 


Acutbnet 
Reservoir. 

Distance  be- 
low Hiffh- 
waterlfark. 


Uttle  Quit- 
tacas Pond. 

Distance  be- 
low High- 
water  Mark. 


Feet. 
0.42 


1.09 
0.92 
0.26 
0.26 
0.09 


Feet 
0.83 

1.17 

2.67 

2.17 

1.50 

1.09 
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NEWBURYPORT. 


Water  Supply  of  Newburyport. 

Chemical  Examination  of  Water  from  a  Faucet  in  Newburyport,  supplied  from 

the  Newburyport  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appsasakgs. 

Resldae  on 
Eraporation. 

Ammokia. 

^ 

g 

1 

• 

1 

• 

i 

• 

2 

o 
o 

15905 

Jan.  20 

V.slight. 

V.slight. 

.10 

5.40 

.0002 

.0018 

1«071 
10258 
10487 

Feb.  17 
Mar.  16 
Apr.  20 

Distinct, 
milky. 

Distinct, 
mUky. 

Blight. 

Blight. 
Blight. 
BUght. 

.15 
.18 
.18 

5.10 
0.10 
6.80 

.0000 
.0000 
.0002 

.0044 
.0086 
.0050 

lOGU 
10791 

May  18 
Jane  15 

Slight, 

milky. 
Blight. 

Slight. 
Slight. 

.22 
.22 

5.90 
5.40 

.0000 
.0002 

.0022 
.0082 

17018 

Jaly  20 

Distinct. 

Slight. 

.15 

0.50 

.0004 

.0024 

17219 
17478 
17005 

Aug.  17 
Sept.  15 
Oct.  19 

Slight, 
milky. 

Distinct, 
milky. 

None. 

BUght. 
BUght. 
V.sUght. 

.18 
.15 
.07 

5.80 
0.50 
0.90 

.0000 
.0000 
.0000 

.0014 
.0010 
.0080 

17872 
18128 

Nov.  16 
Dec.  15 

Slight, 
milky. 

Decided, 
clayey. 

SUght. 

BUght, 
earthy. 

.07 
.28 

0.40 
0.10 

.0000 
.0002 

.0004 
.0016 

•c 

o 


0.44 
0.44 
0.48 
0.48 
0.45 
0.48 
0.46 
0.42 
0.46 
0.48 
0.47 
0.52 


KiTBOOKM 
AS 


m 

i 


.0200 
.0180 
.0180 
.0120 
.0230 
.0080 
.0200 
.0200 
.0190 
.0880 
.0280 
.0280 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


a 

0 

s 

ad 

I 

o 


o 
e 


.04 

2.5 

.08 

1.7 

.09 

2.2 

.07 

2.1 

.08 

2.2 

.18 

S.2 

.08 

2.8 

.00 

2.8 

.08 

2.8 

.08 

2.7 

.02 

2.7 

.02 

3.9 

.0220 
.0290 
.0290 
.0150 
.0570 
.0460 
.0280 
.0480 


.0280 
.0390 
.0640 


Averages  by  Years. 


1887-88* 

- 

- 

.08 

6.89 

.0004 

.0032 

0.45 

.0812 

.0001 

- 

- 

1898t 

- 

- 

.11 

8.50 

.0018 

.0048 

8.44t 

.0178 

.0000 

.14 

2.7 

1894 

- 

- 

.18 

0.00 

.0001 

.0089 

0.40 

.0188 

.0000 

.09 

2.8 

1895 

- 

- 

.18 

6.90 

.0002 

.0045 

0.01 

.0169 

.0000 

.18 

2.4 

1890 

- 

- 

.10 

6.95 

.0001 

.0029 

0.40 

.0200 

.0000 

.00 

2.8 

.0164 
.0806 
.0802 
.0689 


*  Jane,  1887,  to  May,  1888. 

t  The  very  high  chlorine  present  in  the  water  in  1808  was  due  to  the  use  at  times  of  water  from  the 
Merrimack  River,  which  contained  a  small  amount  of  sea  water. 

NoTB  to  analyses  of  1890 :  Odor,  occasionally  vegetable,  frequently  none. The  samples  were  eol- 

looted  from  a  faucet  at  No.  2  State  Street. 


Microscopical  Examination. 

The  average  number  of  organisms  per  cable  centimeter  found  in  these  samples  was  72. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NEWTON. 


Watbb  Supply  op  Newton. 


Chemical  ExamincUion  of  Water  Jrom  a  Faucet  cU  the  Newton  Water  Works 

Pumping  Station, 

[ParU  per  100,000.] 


160T6 
16466 
16782 
17906 
17666 
18108 


J 

m 


Feb.  18 
Apr.  22 
Jane  16 
Aug.  17 
Oct.  19 
Dee.  14 


Appsabakos, 


I 


a 


i 


None. 

None. 

SUght. 

None. 

V.iUght. 

None. 


None. 

None. 

Blight, 

msty. 
None. 

V.sUght. 

V.sUgbt. 


.01 
.00 
.02 
.05 
.02 
.02 


4.60 
4.60 
6.60 
5.80 
7.20 
6.60 


Ammoiiia. 


.0000 
.0012 
.0000 
.0008 
.0010 
.0010 


J 
SB 


.0020 
.0030 
.0008 
.0020 
.0040 
.0026 


6 

a 

1 


.46 
.87 
.88 
.87 
.42 
.60 


NiTBOOBM 
AS 


.0400 
.0200 
.0180 
.0800 
.0180 
.0800 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


1 

o 

ll 


s 


I 


.02 

1.0 

- 

1.7 

.04 

3.1 

.11 

2.9 

.08 

2.9 

.04 

8.0 

.0080 
.0040 
.0380 
.0090 
.0050 
.0060 


Averages  by  Years. 


1887* 

. 

- 

.00 

4.97 

.0005 

.0070 

.38 

.0047 

- 

- 

- 

. 

- 

1888 

- 

- 

.01 

4.64 

.0009 

.0111 

.35 

.0072 

.0001 

- 

- 

- 

- 

1889 

- 

- 

.01 

4.01 

.0002 

.0061 

.80 

.0119 

.0001 

- 

- 

- 

- 

1890t 

- 

- 

.00 

- 

.0000 

.0014 

.32 

.0250 

.0001 

- 

- 

- 

- 

1891t 

- 

- 

.00 

4.26 

.0002 

.0072 

.81 

.0250 

.0000 

- 

1.8 

- 

- 

1892 

- 

- 

.02 

5.13 

.0006 

.0028 

.85 

.0190 

.0001 

- 

2.4 

.0179 

- 

1898 

- 

- 

.03 

5.08 

.0004 

.0019 

.38 

.0194 

.0000 

.09 

2.3 

.0119 

- 

1894 

- 

- 

.03 

5.99 

.0001 

.0021 

.40 

.0167 

.0000 

.05 

2.7 

.0110 

- 

1896  ' 

- 

- 

.08 

5.85 

.0001 

.0023 

.42 

.0230 

.0000 

.06 

2.4 

.0146 

- 

1896 

- 

- 

.02 

5.70 

.0007 

.0024 

.41 

.0260 

.0000 

.06 

2.6 

.0108 

*  June  to  December. 


t  February. 


NoTS  to  analyeee  of  1896 :  Odor,  none. The  aamplea  were  collected  from  a  f anoet  at  the  pump. 

ing  station. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  sample  No.  16782;  no  organisms  were  found  in 
the  other  samples. 
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NEWTON. 

Chemical  Examination  of  Water  from  the  Covered  DiatribtUing  Reservoir  of  the 

Newton  Water  Works, 

[Parts  per  100.000.] 


Date  of 

Collection. 

Appbarancb. 

Realdoe  on 

Evaporation. 

Ammohia. 

• 

9 

§ 

NXTBOOBK 
At 

Oxygen 

Conaamed. 

• 

• 

n 

1 

9 

• 

1 

1 
1 

6 

i 

Alba- 
mlnoid. 

i 
s 

i 

• 

16076 

Feb.  18 

Slight. 

Slight. 

.05 

6.20 

.0000 

.0056 

.48 

.0350 

.0000 

.10 

8.0 

.0190 

16454 

Apr.  22 

None. 

1 

None. 

.00 

5.70 

.0006 

.0028 

.89 

.0200 

.0000 

- 

2.9 

.0060 

16781 

Jane  15 

None. 

Blight. 

.02 

6.80 

.0000 

.0014 

.38 

.0280 

.0000 

.06 

8.9 

.0020 

17200 

Aug.  17 

V.  Blight. 

Slight. 

.07 

7.00 

.0010 

.0044 

.40 

.0270 

.0000 

.09 

3.8 

.0530 

17657 

Oct.  10 

None. 

None. 

.04 

7.40 

.0006 

.0084 

.46 

.0140 

.0000 

.09 

2.9 

.0060 

18109 

Dec.  14 

None. 

None. 

.02 

6.50 

.0008 

.0034 

.49 

.0280 

.0000 

.06 

3.0 

.0030 

Averages  by  Years, 


1892 

- 

- 

.03 

6.40 

.0022 

.0038 

.35 

.0246 

.0003 

- 

8.0 

1893 

- 

- 

.04 

6.40 

.0000 

.0027 

.38 

.0220 

.0000 

.07 

8.0 

1894 

- 

- 

.08 

6.44 

.0002 

.0038 

.40 

.0140 

.0000 

.07 

2.9 

1895 

- 

- 

.03 

6.58 

.0004 

.0037 

.48 

.0107 

.0000 

.07 

8.2 

1896 

- 

- 

.03 

6.52 

.0005 

.0035 

.42 

.0253 

.0000 

.08 

8.2 

.0242 
.0196 
.0862 
.0220 
.0185 


NoTB  to  analyses  of  1896 :  Odor,  generally  none,  occasionally  faintly  vegetable. The  samples  were 

eoUected  from  the  reservoir. 

Microscopical  Examination, 

An  insignificant  namber  of  organisma  was  foand  in  sample  No.  16076;  no  organiams  were  found  in 
the  other  aamplea 


Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Hyde  Brook 

Division  of  the  Newton  Sewerage  System, 

[ParU  per  100,000.] 


1     i 

ApPbaramob. 

1    § 

Ammonia. 

Nitboobn 

i 

Date  of 

CoUectl 

Resldae  on 
EvaporatI 

• 
9 

a 

•n 

AS 

Oxygen 

Consnm 

• 

1 

•E 

« 

IS 

a 

o 

1 

g 
B 

a 

Alba- 
minoid. 

• 

• 

s 
5 

• 

1 

1806. 

16413 

Apr.  15 

Slight. 

Slight. 

.00 

21.40 

.0080 

.0020 

2.12 

0.9250 

.0007 

.08 

8.1 

.0080 

17161 

Aug.  11 

V.  slight. 

V.  slight. 

.00 

29.50 

.0240 

.0030 

,  2.83 

0.7500 

.0025 

.08 

0.7 

.0010 

18031 

Dec.    0 

Decided, 
clayey. 

Heavy, 
earthy. 

.10 

22.00 

.0286 

.0254 

2.00 

1 

1 

0.5250 

.0020 

.45 

7.8 

.2350 
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NEWTON, 

Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Hyde  Brook 
Division  of  the  Newton  Sewerage  System — Concluded. 

Averages  by  Years. 

[ParU  per  100,000.] 


i 


1891* 

1802 

1898 

1894 

1896 

1898 


APPKASANCB. 


1 


c 

a 


o 


.00 
.00 
.08 
.08 
.02 
.03 


a 

f 

2  * 

m 


Ammonia. 


& 


2 
o 

a 

J3  " 


26.05 
27.08 
25.48 
26.27 
25.73 
24.80 


.0200 
.0126 
.0140 
.0105 
.0072 
.0202 


.0086 
.0029 
.0087 
.0034 
.0082 
.0101 


e 

1 


KiTBOOEN 
A8 


I 


8.15 
3.18 
2.48 
2.67 
2.44 
2.82 


1.5000 
1.1666 


(0 

s 


.0050 
.0015 


0.9550  .0018 


0.9938 
0.5588 
0.7888 


.0012 
.0005 
.0017 


•2 
i 


s 


n 


.06 
.05 
.05 
.20 


10.7 
10.1 
9.4 
9.2 
9.7 
8.5 


I 


.0052 
.0099 
.0088 
.0167 
.0797 


*  Decemher. 

NoTS  to  analyaea  of  1896 :  Odor  of  the  flrat  aample,  none ;  of  the  aecood,  faintly  anpleaaant,  become 
log  diatlnotly  vegetable  on  heating;  of  the  iaat,  diatinetly  tarry  and  mnaty,  becoming  distinctly  diaagree- 
able  on  heating. The  samplea  were  collected  from  the  underdrain,  at  its  outlet. 


Microscopical  Examination, 

No.  16418.    No  organisms. 

No.  17161.    Fuu^,  Cfrenothrix,  16,    Miscellaneous,  Zo5^/^,  20.    Total,  35. 

No.  18081.    Miscellaneous,  ZodgtoBa,  400. 


Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Cheesecake 

Brook  Division  of  the  Newton  Sewerage  System, 

[ParU  per  100.000.] 


Date  of 

Collection. 

Afpbajuncs. 

Residue  on 

Evaporation. 

Ammonia. 

Chlorine. 

KiTROOBM 
AS 

Oxygen 

Consumed. 

4 

n 

• 

1 

1 

■J 

a 

6 

• 
9 

t 

Em 

Albu- 
minoid. 

• 

1 

• 

• 

1 

16412 

in«B 

18020 

1 

189«. 

Apr.  15 

Aug.  11 
Dec.    9 

Slight. 

Slight. 

Decided, 
clayey. 

Slight. 

rusty. 
Cons. 

Cons., 
earUiy. 

.03 
.02 
.20 

15.90 
16.30 
18.90 

.0042 
.0044 
.0108 

.0036 
.0006 
.0180 

1 
1.40 
1.48 
1.83 

.8000 
.3250 
.8750 

.0002 
.0004 
.0007 

.08 
.06 
.85 

6.7 
7.3 
6.3 

.0340 
.0240 
.1020 
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KEWTON, 

Chemical  Examination  of  Water  from  (he  Main  Underdrain  of  the   Cheesecake 
Brook  Division  of  the  Newton  Sewerage  System  —  Concluded. 

Averages  by  Tears, 

[Parts  per  100,000.] 


8 
>5 


o 
o 


o 


1808* 
1804 
1806 
1806 


APPEARANCE. 


i? 

^ 


s 

1 

00 


o 


e 
o 

S 


Ammonia. 


- 

.08 

16.83 

.0076 

.0016 

1.61 

1 

.8226 

- 

.04 

20.63 

.0266 

.0040 

2.06 

.6667 

- 

.03 

10.80 

.0126 

.0038 

1.60 

.3167 

- 

.08 

17.03 

.0066 

.0074 

1.40 

.8838 

e 
•c 


KiTBOOEir 
AS 


.0006 
.0080 
.0004 
.0004 


•2 

s 

s 
«e 
O 


s 

c 


02 

1 
6.0 

06 

7.0 

08 

7.6 

16 

6.8 

.0520 
.0840 
.0287 
.0688 


*  Jaly  to  December. 

NoTB  to  analyses  of  1806:  Odor  of  the  first  sample,  none;  of  the  second,  none,  becoming  faintly 

vegetable  on  heating;  of  the  last,  faintly  vegetable. The  samples  were  collected  from  the  under- 

drain,  at  its  outlet. 

Microscopical  Examination. 

No.  16412.    Fnngi,  Orenothrix,  660. 

No.  17168.    Fungi,  Ormothriz,  100.    Miscellaneous,  Zooglauit  20.    Total,  120. 

No.  18020.    Fungi,  Orenothrix,  120.    Miscellaneous,  Zodgtcea,  160.    Total,  280. 


Chemical  Examination  of  Water  from  the  Main  Underdrain  beneath  the  Laundry 

Brook  Valley  Sewer,  Newton, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appsaranob. 

Besidae  on 
Evaporation. 

Ammonia. 

Chlorine. 

NITBOOBN 
AS 

Oxygen 

Consnmcd. 

1 
■z 

m 
X 

1 

a 

a? 

• 

1 

i 

1 

b4 

Albu- 
minoid. 

1 

• 

Nitrites. 

• 

1896. 

16411 

Apr.  16 

Slight. 

Blight, 
rusty. 

.01 

10.00 

.0152 

.0028 

2.17 

.5300 

.0006 

.06 

7.0 

.0440 

17162 

Aug.  11 

Slight. 

Slight. 

.03 

17.60 

.0110 

.0014 

1.71 

.3600 

.0006 

.12 

6.7 

.0260 

18030 

Deo.    0 

Slight. 

SUght, 
rusty. 

.02 

17.80 

.0002 

.0010 

1.76 

.6000 

.0003 

.04 

7.4 

.0800 

Averages  by  Fears, 


1803* 

- 

- 

.08 

16.00 

.0082 

.0026 

1.61 

.3600 

.0006 

.08 

1804 

- 

- 

.04 

17.23 

.0108 

.0010 

1.68 

.3767 

.0006 

.05 

1806 

- 

- 

.08 

21.70 

.0105 

.0067 

2.00 

.6217 

.0006 

.04 

1806 

- 

- 

.02 

1 

18.40 

.0118 

.0017 

1.88 

.4600 

.0005 

.07 

7.1  .0636 
6.8  1.0447 
8.6  .0660 
7.0    .0330 


*  October  and  December. 

Non  to  analyses  of  1806:  Odor,  none;  on  heating,  a  faintly  vegetable  odor  was  developed  in  the 
second  sample  and  a  faintly  unpleasant  odor  in  the  last  sample. 

Microscopical  Examinaiion, 

No.  16411.    Fungi,  Crenothrix,  1,184. 

No.  17162.    Fungi,  Crenothrix^  80.    Miscellaneous,  Zodglota^  10.    Total,  00. 

No.  18030.    Fungi,  Crenothrix,  240.    Miscellaneous,  ZoogUxat  20.    Totai,  *i60. 
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NOKTH  ADAMS. 


Water  Supply  of  North  Adams. 


During  the  years  1895  and  1896  a  reservoir  was  constructed  on 
Notch  Brook,  one  of  the  sources  of  water  supply  of  the  city  of 
North  Adams.  The  reservoir  was  prepared  for  the  storage  of  water 
by  the  removal  of  soil  and  vegetable  matter  from  its  bottom,  and  has 
an  area  when  full  of  about  12.5  acres  and  a  storage  capacity  of 
90,000,000  gallons.  The  watershed  of  the  reservoir  consists  chiefly 
of  steep  slopes  covered  with  wood,  and  is  uninhabited. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
North  Adams,  relative  to  the  protection  of  the  purity  of  the  Notch 
Brook  supply  by  the  removal  of  houses  on  the  watershed  of  the 
reservoir,  may  be  found  on  pages  73  and  74  of  this  volume. 


Chemical  ExamincUion  of  Water  from  Notch   Brook    Storage    Reservoir^  North 

Adams, 


[Parta 

per  100,000.] 

Date  Of  Collection. 

Apprabancx, 

RKSIDUB  UN 

£VAPOBA> 

TION. 

Ammonia. 

Chlorine. 

KiTSOQEN 
A8 

s 

0 

s 
0 

0 

a 

1 

Turbidity. 

1 

CO 

Color. 

Total. 

Loss  on 
Ignition. 

1 

Albuminoid,     j 

Nitrates. 

Nitrites. 

a 

a 

as 

• 

9 

> 

a 

Sus- 
pended. 

• 

i 

c 
"S 

1S»«. 

1 

1 
1 

f 

16184 

Feb.  23 

None. 

V.  Blight. 

.00  I 

!  7.16 

0.50 

.0004 

.0066 

.0058 

.0008 

.08 

.0100 

.0000 

.04 

6.1 

16485 

Apr.  27 

V.  Blight. 

Cona. 

.02 

6.85 

0.85 

.0006 

.0050 

.0036 

.0014' 

.08 

.0080 

.0001 

.05 

5.4 

16852 

JoDe22 

1 

None. 

SUght. 

.02 

1 

9.50 

1.25 

.0000 

.0050 

.0030 

.0020 

.06 

.0030 

.0000 

.08 

8.7 

17296 

Aog.24  l'  DUtinot. 

Slight. 

.08 

11.50 

1.25 

.0000 

.0064 

1 

.OOJJ  .0042 

1 

.08 

.0000 

1 

.0000 

.07 

9.0 

1T901 

Nov.*  16 1 

V.  slight. 

Slight. 

.02 
.03 

7.50 
8.75 

- 

.0008 
.0004 

.0044 
.0055 

.0040 

.OOO4I  .09 

1 

.0020 
.0046 

.0000 

.07 

7.1 

At... 

0.96 

1 

.0037  .00181  Ln« 

"     r 

00(  |(  1       HA 

7.3 

~^ — 1 
1 

1 

Odor,  none. The  aampleB  were  collected  from  the  reBervolr. 


Microscopical  Examination. 

Ad  Insigriiflcant  number  of  organisms  was  found  in  these  samples. 
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170BTH  ADAMS. 

Chemical  Examination  of  Water  from  Broad  Brook  in  PowncU,  Vermont, 

[Parti  per  100,000.] 


a 


16186 
10484 
10661 
17296 
17000 


At. 


i 


6 


Feb.  23 
Apr.  27 
Jane  22 
Aag.24 
Nov.17 


APPSARAirOB. 


None. 
V.sUght. 
None. 
V.  ■light. 
V.elight. 


V.  ■light. 
V.^Ught. 
V.  flight. 
V.sUght. 
V.eUght 


.12 
.22 
.18 
.40 
.01 


,10 


Bbmdus  om 
Byapoba- 

TIOH. 


§ 


e, 


J- 


8.00 
8.10 
4.16 
4.10 
4.60 


8.60 


0.66 
1.06 
1.10 
1.46 


1.06 


Ammomia. 


Albnmlnoid. 


.J 

I 


I 


Is. 

00  ** 


.0004 
.0012 
.0000 
.0000 
.0006 


.0004 


.0088 
.0182 


.0082 
.0106 


.0048.0036 
.0148  .0066 
.0064.0042 


.0084 


.0060 


.0006 
.0026 
.0012 
.0062 
.0012 


.0024 


i 


.06 
.06 
.10 
.04 
.10 


.07 


KiraoosH 


I 


5 
S 

s 


.0280 
.0080 
.0100 
.0060 
.0070 


.0102 


.0000 

.0001 
.0000 

.0000 
.0000 


.0000 


s 


a 

a 

e 

I 


1 

a 


.21 
.32 


1.6 
1.6 


.28     S.6 


.66 
.09 


.28 


1.9 
4.8 

2.6 


Odor,  none. The  Munplee  were  ooUected  from  Broad  Brook,  at  the  point  where  water  i§  taken 

for  the  eapply  of  North  Adam«. 


Microscopical  Examination, 

An  ineignifleant  namber  of  organisma  waa  found  in  thete  aamplee. 


Chemical  Examination  of  Water  from  Tubular  Wells  used  as  an  Auxiliary  Supply 

for  North  Adams, 

[ParU  per  100,000.] 


9^ 


J 

o 

I 


17297 


18»«. 

Aag.24 


APPBAmAKOS. 


a 


I 


None. 


None. 


.00 


§ 


29.70 


Ammonia. 


1^ 

o 

si 

£ 

1 

.0000 


.0006 


I 


.81 


NiTBOOBM 
A8 


I 


I 


.2600 


.0000 


I' 

S 


.03 


i 


28.0 


.0000 


Odor,  none.— The  •ample  was  collected  from  the  pump  drawing  water  from  the  wella. 


Microscopical  Examination, 


No  organiam^. 
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XOBTHAMFTOX. 

Water  Supply  op  Northampton. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Northamp- 
ton,  relative  to  taking  an  additional  water  supply  from  Mill  River 
and  its  tributaries,  may  be  found  on  pages  31  to  33  of  this  volume. 
The  results  of  analyses  of  samples  of  water  from  Mill  River  and  its 
tributaries  are  given  under  <*  Williamsburg.'* 

Chemical  Examination  of  Water  fromi  Roberts^  Meadow  Brook,  just  above  the 

Middle  Beservoir  of  the  Northampton  Water  Works, 

[Parts  per  100,000.] 


i 


1 

m 


16988 
16155 
16800 
16108 
16686 
16860 
17006 
17310 
17655 
17748 
170U 


18M. 

Jan.  28 

Feb.  27 
Mar.  23 
Apr.27 
May  27 
JiiBe22 
Jnly29 
Ang.26 
8ept.23 
Oct.  28 
Nov.23 


18207    Dec.  20 


^LV  •  • .  • 


^L  V .  •  •  • 


1806 


1805* 


Apfsabaiicb. 


■3 

.  I 


I 

3 


I 


None. 
V.  alight, 
v.  Blight. 
V.  slight. 
Slight. 
V.  slight. 
V.  slight. 
V.  slight. 
Slight. 
V.  slight. 
None. 
V.sUght. 


V.  slight. 

V.sUght. 

Slight. 

V.sUght. 

Slight. 

SUght. 

Slight. 

SUght. 

SUght. 

SUght. 

V.sUght. 

V.sUght. 


.18 
.16 
.18 
.25 
.20 
.26 
.20 
.20 
.37 
.88 
.20 
.07 


.21 


.36 


Rbsidds  oh 

EVAPOBA- 
TIOK. 


I 

r 


8.00 
8.85 
2.80 
8.45 
4.85 
4.35 
4.80 
4.00 
5.40 
4.65 
4.85 
4.00 


4.11 


4.72 


1.26 
1.10 
0.05 
1.20 
0.75 
1.35 
1.10 
0.05 
1.05 
1.50 
1.30 
0.75 


1.18 


1.46 


Ammonia. 


I 


Albnmlnold. 


.0002 
.0000 
.0006 
.0000 
.0004 
.0020 
.0018 
.0014 
.0018 
.0002 
.0004 
.0000 


.0007 


.0005 


.0088 
.0092 
.0082 
.0082 
.0070 
.0096 
.0088 
.0086 
.0180 
.0118 
.0068 
.0018 


.0086 


.0182 


I 


.0028 
.0066 
.0072 
.0072 
.0058 
.0078 
.0062 
.0066 
.0168 
.0106 
.0060 
.0010 


.0074 


.0112 


t 


.0010 
.0006 
.0010 
.0010 
.0012 
.0018 
.0006 
.0020 
.0012 
.0012 
.0008 
.0008 


.0011 


.0020 


4 

I 


.10 
.08 
.00 
.00 
.09 
.06 
.10 
.U 
.16 
.14 
.16 
.12 


.11 


.14 


NmooBN 

AS 


.0070 
.0080 
.0070 
.0080 
.0000 
.0030 
.0020 
.0050 
.0080 
.0000 
.0020 
.0150 


.0042 


.0082 


i 


.0000 
.0000 
.0000 
.0002 
.0001 
.0001 
.0001 
.0000 
.0001 
.0000 
.0000 
.0000 


.0000 


.0001 


a 

I 

o 


.20 
.21 
.30 
.81 
.19 
.84 
.29 
.27 
.69 
.45 
.29 
.14 


.30 


.46 


i 


1.7 
1.4 
1.1 
1.8 
1.6 
1.8 
2.1 
1.7 
1.9 
1.9 
1.8 
2.6 

1.7 

1.9 


*  August  to  December. 


NoTS  to  analyses  of  1896 :  Odor,  faintly  vegetable  or  none. 
the  strMim,  just  above  the  reserroir. 


The  samples  were  collected  from 


Microscopical  Examination, 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  21. 
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NOKTHAMPTON. 

Chemical  Examinaiion  of  Water  from  the  Middle  Storage  Reservoir  of  the  North- 
ampton  Water  Works  on  Roberts^  Meadow  Brook,  collected  near  the  Surface, 

[Parte  per  100,000.] 


• 

i 

i 

Appbabahob. 

KaSIDUB  ON 

EVAPORA.- 

TIOH. 

AmfOVZA. 

o 
■§ 

e 

.10 

NtTSOOBK 

a 

o 
c 

a 

o 

1 

o 

1 

o 
« 

1 

1 

Lotion 
Ignition. 

^ 

AlbaminoJd.     | 

i 

• 

S 

5 

1 

1 

■© 
s 

i 

QO 

• 

3 

15960 

Jan.  28 

None. 

V.aUght. 

.18 

3.75 

1.45 

.0004 

.0040 

.0032 

.0008| 

.0050 

.0000 

.21 

1.8 

10150 

Feb. 27 

Slight. 

Slight. 

.22 

2.50 

0.55 

.0000 

.0066 

.0060 

.01)06 

.07 

.0130 

.0000 

.24 

l.S 

16807 

Mar.  33 

V.aUght. 

Slight. 

.20 

2.25 

1.05 

.0012 

.0112 

.0076 

.00361 

.08 

.0070 

.0000 

.34 

1.1 

16409 

Apr.27 

V.  alight. 

V.aUght. 

.30 

3.45 

1.20 

.0000 

.0116 

.0086 

.0030 

.08 

.0070 

.0002 

.84 

l.S 

16684 

May  27 

V.  Blight. 

OODB. 

.22 

3.66 

0.95 

.0000 

.0110 

.0070 

.0040 

.07 

.0000 

.0001 

.24 

1.7 

16870 

Jane22 

Diatinct. 

Slight. 

.27 

4.15 

1.40 

.0002 

.0142 

.0114 

.0028 

1 

.08 

.0030 

.0001 

.43 

1.8 

17097 

Jaly29 

Slight. 

BUght. 

.20 

3.85 

1.10 

.0010 

.0164 

.0108 

.0056 

.10 

.0000 

.0000 

.30 

1.8 

17320 

Aug.26 

Slight. 

SUght. 

.25 

4.55 

1.30 

.0000 

.0146 

.0116 

.0030 

1 

.10 

.0030 

.0000 

.32 

2.1 

17556 

Sept.23 

Slight. 

Cona. 

.37 

4.90 

1.85 

.0012 

.0236 

.0166 

.0070 

.14 

.0000 

.0000 

.53 

1.7 

17749 

Oct.  28 

V.  alight. 

Slight. 

.37 

4.90 

1.70 

.0008 

.0148 

.0124 

.0024 

.14 

.0020 

.0000 

.51 

2.0 

17935 

Nov.23 

V.  alight. 

V.aUght. 

.35 

4.60 

1.55 

.0004 

.0122 

.0108 

.0014 

.16 

.0020 

.0001 

.45 

1.7 

18208 

Dec.  29 

SUght. 

Slight. 

.12 
.25 
.67 

4.20 

1.20 

.0000 
.0004 
.0008 

.0058 
.0121 
.0181 

.0048 
.0092 
.0156 

.0010 
.0029 
.0025 

.14 

.10 
.13 

.0160 
.0047 
.0024 

.0000 
.0000 
.0000 

.22 

.34 

61 

2.0 

1896 

3.89 

1.27 

l.T 

1896* 

4.56 

1.72 

1.8 

1 

*  Jane  to  December. 


KoTB  to  analyaea  of  1896 :  Odor,  vegetable  or  none.  The  iron  waa  determined  in  theae  aamplea,  the 
average  amount  being  .0152  parta  per  100,000.— —The  aamplea  were  coUeoted  from  the  reaervolr,  at 
deptha  of  from  6  inchea  to  1  foot  beneath  the  aarface. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NOBTHAMPTOX. 

Microscopical  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  the 
Northampton  Water  Works  on  Roberts'*  Meadow  Brooke  collected  near  the  Surface, 

[Nrnnber  of  organlimB  per  cable  centimeter.] 


189«. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


Jaly. 


Aug. 


Sept.  Oct 


Nov. 


Deo. 


Day  of  ezamlnatiOD, 
Number  of  aample,  • 


80 
16009 


28 
16156 


26 


80 


1680716499 


29 
16684 


24 
16870 


81 

17097 


28 

17820 


25 
17656 


80 
17749 


25 
17985 


80 
18208 


PLANTS. 

Dlatomaceeo,    . 


Oyolotella, . 
Cymbella,  . 
Eanotia,  . 
Meloaira,  . 
NavicDla,  . 
Plnnularia, 
Synedra,  . 
Tabellaria, 


Cy  anophyoe89>  Meriamopedia, 


Alffce, 


Protoooecaa, 
Bcenedeamaa, 


9 

1 

0 

80 

165 

125 

188 

1 

288 

98 

44 

1 

0 

0 

0 

120 

2 

80 

0 

204 

44 

0 

0 

0 

0 

3 

1 

1 

0 

0 

4 

0 

0 

0 

0 

0 

82 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

4 

6 

2 

0 

1 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

1 

0 

6 

32 

120 

108 

0 

78 

52 

10 

0 

0 

0 

21 

6 

0 

0 

0 

0 

0 

28 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

20 

264 

828 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

264 

828 

0 

1 

0 
0 
0 
0 

1 

2 


0 
0 


ANIMALS. 

Inftisoria,   . 


DlDobryoD, 

Codonella,  • 

Mallomonaa, 

Perldiniom, 

PhaoQB, 

TiotiDnldiiim, 

Trachelomonaa, 


Vermes, 


Anarea, 
AaplanchoA, 
fiU>tAtoriaii  oya, . 
Rotifer,      . 


Crustacea,  Cyolope,  . 


0 

0 

0 

0 

0 

10 

72 

6 

27 

21 

0 

0 

0 

0 

0 

0 

9 

48 

0 

20 

18 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

23 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

6 

1 

0 

10 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

'0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

Aearlna, 
Zottgk 


Total, 


10 

0 
10 


19 


0 
0 


0 
0 


0 
0 


80 


40 

0 
40 


206 


.02 
T 


161 


60 

.02 
60 


820 


10 

0 
10 


28 


10 

0 
10 


866 


20 

0 
20 


408 


20 

0 

20 


402 


0 

a 

0 
0 
0 
0 
0 


0 
0 
0 
0 


0 

0 
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NOBTHAMFTON. 

Chemical  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  the  North- 
ampton Water  Works  on  Roberts*  Meadow  Brooke  collected  near  the  Bottom, 

[Parte  p«r  100,000.] 


a 


I 


15070 
10157 

loaoe 

10500 

10086 

16871 

17008 

17821 
17557 

17750 
17080 
18900 

At.. 

At.. 


189«. 

Jan.  28 
Feb.  27 

Mar.  28 

Apr.27 

May  27 

JaDe22 

July  29 

Aag.26 
8ept.28 

Oct.  28 
Noy.28 
Deo.  20 


1806 


1805* 


Afpbarancb. 


e 
I 


V.aUght. 
Diatinct, 

clayey. 
Slight, 

clayey. 

DlltlDCt. 

SUght. 

Diatinct. 

Diatinct. 

Diatinct. 
Blight. 

V.  alight, 
y.  alight. 
V.  alight. 


Slight. 
SUght. 

Blight. 

Cone., 

brown. 
Oona., 

brown. 
Oona., 

maty. 
Cona., 

maty. 
Cona. 
Oona., 

maty. 
Slight. 
Slight. 
SUght. 


0.30 
0.80 

0.20 

0.85 

0.83 

0.55 

2.80 

8.00 
2.50 

0.37 
0.83 
0.22 


Residue  on 

EVAPORA.- 
TION. 


0.90 


1.80 


o 


8.05 
8.15 

2.10 

8.50 

4.25 

4.55 

6.75 

7.80 
0.15 

4.00 
4.60 
4.15 


4.85 


6.27 


I 
fa 


3 


1.65 
1.05 

0.70 

1.15 

1.20 

1.26 

1.80 

1.05 
8.05 

1.70 
1.65 
1.40 


1.54 


2.14 


Ammonia. 


Albuminoid. 

i 

> 

•2 

• 

5 

iS 

JC 

o 

.s 

0O( 

** 

H 

Q 

CO 

.0026 
.0044 

.0004 

.0018 

.0024 

.0020 

.0844 

.0852 
.0688 

.0006 
.0008 
.0006 


.0124 


.0160 


.0108 
.0104 

•  UUVo 

.0126 

.0166 

.0180 

.0228 

.0802 
.0878 

.0148 
.0188 
.0076 


.0171 


.0247 


.0066 
.0090 

.0070 

.0106 

.0084 

.0088 

.0150 

.0214 
.0250 

.0128 
.0102 
.0064 


.0118 


.0182 


.0042 
.0014 

.0028 

.0020 

.0082 

.0092 

.0078 

.0088 
.0128 

.0020 
.0036 
.0012 


.0063 


.0066 


I 

o 

i 


.10 
.08 

.08 

.08 

.08 

.05 

.10 

.10 
.11 

.14 
.10 
.14 


.10 


.14 


NiTROQBN 
A8 


I 
1 


.0100 
.0120 

.0070 

.0050 

.0000 

.0050 

.0080 

.0000 
.0000 

.0000 
.0050 
.0070 


.0045 


.0038 


.0000 
.0000 

.0000 

.0002 

.0001 

.0000 

.0000 

.0000 
.0000 

.0000 
.0001 
.0001 


.0000 


.0000 


1 

8 

a 

5 


0.34 
0.82 

0.28 

0.42 

0.86 

0.64 

0.70 
1.72 

0.49 
0.46 
0.81 


0.54 


0.89 


1.7 
1.8 

1.0 

1.2 

1.7 

1.9 

2.4 

3.0 
8.5 

1.0 
1.8 
1.9 

1.9 

2.0 


*  Anguat  to  Deeember. 

Non  to  analyaea  of  1896 :  Odor  in  January  and  December,  none ;  In  Noyember,  none,  becoming 
faintly  vegetable  on  heating;  at  other  tlmea,  TCgetable and  occaaionally  nnpleaaant  or  diaagreeable.  The 
iron  waa  determined  in  all  the  aamplea,  the  average  amount  being  .8781  parte  per  100,000. 


Microscopical  Examination  of  WaUr  from  the  Middle  Storage  Reservoir  of  the 
Northampton  Water  Works  on  Roberts*  Meadow  Brooke  collected  near  the  Bottom, 

[Number  of  organlama  per  cubic  eentimeter.] 


189«. 

■ 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Day  of  examination, 

80 

28 

26 

80 

29 

24 

81 

20 

26 

30 

26 

80 

Number  of  aampie. 

16970 

16167 

16308 

1660016685 

16871 

17098 

I7321jl7567 

17750 

17986 

18200 

PLANTS. 

Dlatomace89,  .... 

5 

9 

5 

102 

136 

11 

60 

2 

362 

60 

42 

13 

Cyclotella, 
Cymbella, 
Eunotia,    . 
Meloaira,  . 
Navicula, . 
Synedra,  . 
Tabellaria, 

0 

0 
0 
0 

1 
4 
0 

0 
0 
0 
0 
2 
7 
0 

0 
0 
0 
0 

1 

4 
0 

0 
4 

10 
18 
20 
8 
42 

100 
1 
2 
0 
2 

28 
3 

0 
0 
0 
0 
0 
7 
4 

40 
0 
0 
0 
0 

20 
0 

0 
0 
0 
0 

1 
1 

0 

312 
0 
0 
0 
2 

48 
0 

11 
0 
2 

0 

7 
86 

4 

0 
4 
0 
0 
2 
86 
0 

0 
0 
0 
0 
0 
12 
1 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NOBTHAMFTON. 

Microscopical  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  the 
Northampton  Water  Works  on  Roberts'*  Meadow  Rrook,  collected  near  the 
Bottom — CoDoladed. 

[Kmnber  of  orguil>m>  per  cable  oeDtimeter.] 


189«. 

Jan. 

Feb. 

BCar. 

Apr. 

May. 

Jane. 

jQly. 

Aug. 

Sept 

Oct 

Not. 

Dec. 

PLANTS  — Con. 
Oyanophyoe89»  MlerocyiU*, . 

Algm 

RaphkUam,      .... 
Bcenadeflmns,  .... 

Fonfirl*  Onnothriz,    . 

0 

0 

0 
0 

2 

0 

0 

0 
0 

0 

0 

0 

0 

0 

1 

0 

0 

0 
0 

0 

0 

1 

0 

1 

0 

0 

28 

0 
20 

708 

8 

1 

0 
1 

0 

2 

0 

0 
0 

0 

24 

14 

14 
0 

0 

0 

288 

0 
288 

0 

0 

124 

0 
124 

0 

0 

0 

0 
0 

0 

AKIMAL8. 
Infusoria, 

CodoiMllft,        .... 
DinobryoD,      .... 

VermeB,  Bototorian  ova,  . 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

48 

8 
40 

0 

0 

0 
0 

0 

4 

0 

4 

0 

1 

1 
0 

0 

2 

2 

0 

2 

0 

0 
0 

0 

MUcManeoM,  ZoOglosa, 

80 

0 

20 

0 

0 

40 

0 

0 

40 

5 

10 

8 

Total, 

87 

9 

20 

102 

137 

788 

107 

4 

444 

854 

180 

18 

Chemical  Examination  of  Water  from  Roberts'*  Meadow  Brooke  just  below  the  Lower 

Reservoir  of  the  Northampton  Water  Works, 

[ParU  per  100,000.] 


• 

Appsasakoe. 

Kksiddi  oh 

EVAPOBA- 

AMMONIA. 

NmOOBN 

1 

1 

• 

2 

1 

TIOK. 

• 
9 

1 

§ 

3 

5 

s 

Turbidity. 

4t 

1 

I 

a 

• 

1 

Lose  on 
Ifnition. 

• 

1 

Albuminoid. 

1 

• 

1 

• 

Dltsolred. 

Sue- 
pended. 

1 

18»«. 

1 

10064 

Feb.ll 

Dlitioct. 

Blight, 

.88 

8.00 

1.26 

.0000|.0102 

.0084 

.0018 

.08 

.0060 

.0000 

.M 

0.8 

earthy. 

Odor,  faintly  vegetable,  becoming  dlstioctly  vegetable  and  mouldy  on  heating.— The  aample  waa 
collectad  from  Roberts'  Meadow  Brook,  at  the  first  bridge  below  the  lower  reservoir. 


Microscopical  Examination, 

An  inslgnilleant  number  of  organisms  was  found  in  this  sample. 
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NOBT]5  ATTLEBOBOUGH. 

Water  Supply  of  North  Attleborough. 


Chemical  Examination  of  Water  from,  the  Wells  of  the  North  Attleborough  Water 

Works. 

[ParU  per  100,000.] 


u 

I 

5r; 


16080 
16444 
16786 
17245 
17664 
18130 


d 
o 

i 
^5 


1806. 

Feb.  17 

Apr.  20 
June  14 
Ang.  18 
Oct.  19 
Dec.  15 


APPEARANCE. 


•O 

I 


c 
« 

S 


None. 

None. 

None. 

None. 

None. 

Slight, 
mUky 


o 
o 


None. 

.00 

None. 

.00 

None. 

.03 

None. 

.02 

None. 

.08 

V.  slight. 

.03 

s 
o 

1 

S  > 


6.20 
6.50 
6.80 
7.00 
8.10 
6.50 


Ammonla. 


2 
o 

e 


.0000 
.0006 
.0000 
.0000 
.0002 
.0004 


I 


KlTBOQKN 
AS 


I 

>5 


5 


1 

.0012 

.62 

.0014 

.68 

.0008 

.74 

.0000 

.67 

.0006 

.68 

.0004 

.70 

.0420  .0000 
.0500  .0000 
.0500  .0000 


.0380 
.0200 
.0320 


.0000 
.0000 
.0001 


s 

OB 

c 

M 

O 


I 


.03 

2.5 

.02 

2.5 

.04 

8.9 

.02 

8.1 

.02 

3.6 

.03 

1 

4.0 

.0030 
.0050 
.0010 
.0000 

.0880 
.0290 


Averages  by  Years. 


1887* 

- 

- 

.00 

6.28 

.0001 

.0011 

.50 

.0290 

- 

- 

- 

1888 

- 

- 

.00 

6.27 

.0002 

.0018 

.50 

.0288 

.0000 

- 

- 

1889t 

- 

- 

.00 

6.09 

.0000 

.0012 

.55 

.0414 

.0000 

- 

- 

18921 

- 

- 

.00 

5.95 

.0008 

.0018 

.53 

.0416 

.0000 

- 

8.0 

1893$ 

- 

- 

.00 

5.88 

.0008 

.0005 

.60 

.0450 

.0000 

.01 

2.8 

1894 

- 

- 

.04 

6.84 

.0009 

.0010 

.70 

.0508 

.0001 

.02 

8.1 

1895 

- 

- 

.01 

6.61 

.0003 

.0014 

.68 

.0452 

.0000 

.02 

8.9 

1896 

- 

- 

.03 

6.77 

i 

.0002 

.0007 

I  .68 

.0887 

.0000 

.03 

3.1 

.0158 
.0040 
.0178 
.0080 
.0187 


*  June  to  December.        f  January  to  May.        %  April  to  December.         §  March  and  July. 

Note  to  analyaes  of  1896 :  Odor,  none. The  lampleB  were  collected  from  a  faucet  at  the  pumping 

■tation. 


Microscopical  Examination. 


No  organiama. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NOBTHBOROUGH. 

Water  Supply  of  Northborough. 

Chemical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works, 

[ParU  per  100,000.] 


i 
§ 


s 

o 

I 


16129 
16505 
16887 
17270 
in21 


ISIMi. 

Feb.  24 

Apr.  29 
JuDe24 
Aug.  24 
Oct.  26 


Appkabanck. 


a 


% 


SUffht, 

clayey. 
Slight. 

Slight. 

Distinct. 

V.  slight. 


Slight. 
Slight. 
Blight. 
Slight. 
V.  slight. 


0.60 
1.25 
1.60 
0.70 
1.00 


Residue  on 
Evapora- 

tion. 

1 

Loss  on 
Ignition. 

3.30 

I.IO 

3.25 

1.60 

4.60 

2.50 

4.05 

1.95 

4.80 

2.15 

Ammonia. 


Albuminoid. 


•a 


1 


1 

4 

9  Oi 

9i 


.0024 
.0018 
.0008 
.0006 
.0008 


.0150 
.0238 
.0310 
.0270 
.0312 


.0114 
.0224 
.02SS 
.0254 
.0194 


.0036 
.0014 
.0022 
.0016 
.0018 


I 


.17 
.14 
.12 
.24 
.29 


NlTROOKN 
AS 


Si 


.0180 
.0030 
.0080 
.0000 
.0030 


.0001 
.0000 
.0001 
.0001 
.0001 


•% 

s 

a 

m 

C 

.o 

o 

« 

w 

c 

i> 

S 

^^ 

h 

s- 

0.54 
0.92 
1.59 
0.76 
1.13 


1.3 
0.9 
0.9 
0.8 
0.8 


Averages  by  Years, 


- 

1 
1893* 

- 

1.00 

1 

•  3.92 

1.80 

.0001 

.0226 

.0193 

.0083 

.26 

.0075 

.0000 

0.78 

1.0 

- 

1894t  i 

- 

- 

0.70 

4.42 

2.22 

.0004 

.0413 

.0221 

.0192 

.80 

.0020 

.0000 

0.59 

0.9 

- 

18951 

- 

- 

0.87 

3.15 

1.35 

.0004 

.0200 

.0180 

.0020 

.11 

.0050 

.0000 

0.70 

0.5 

- 

1896 

1 

- 

- 

1.08 

4.00 

1.86 

.0013 

.0236 

.0215 

.0021 

.19 

.0044 

.0001 

0.99 

0.9 

*  May  and  September.  f  July  and  August.  %  December. 

Note  to  analyses  of  1896:  Odor,  distinctly  vegetable  and  mouldy. The  samples  were  collected 

from  the  reservoir. 

Microscopical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1806. 


February. 


May. 


Jane. 


August. 


October. 


I>ay  of  examination,  . 
Number  of  sample,     . 

PLANTS. 

Diatom  acee, 

Oydotella,  .  .  .  . 
Bpltbemia,    .       .       .       . 

Fragilaria 

Navicula,  .  .  .  . 
Synedra,  .  .  .  . 
Tabellaria 

Alff», 

Closterium,  .  .  .  . 
Protococcus,         . 


25 
16129 


1 
16505 


25 
16887 


25 
17270 


27 
17721 


5 

90 

29 

18 

0 

2 

6 

0 

2 

6 

0 

0 

0 

82 

0 

1 

1 

2 

0 

0 

2 

40 

10 

11 

0 

8 

18 

1 

0 

0 

• 

14 

1 

0 

0 

8 

0 

0 

0 

11 

1 

11 

0 
0 
0 

1 

6 
5 

0 

0 
0 
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KOBTHBOROUGH. 

Microscopical  Examination  of  Waierfrom  the  Upper  Reservoir  of  (he  Northborough 

Water  Works  —  Concluded. 

[Knmber  of  organlsmB  per  cable  eeotimeter.] 


1806. 


February. 


May. 


June, 


August. 


October. 


ANIMALS. 

Infusoria 

Codooella,  .  .  .  . 
DinobryoDi  .  .  .  . 
Buglena,        .       .       .       . 

Monae, 

Tracbelomonaa,    . 

Vermes 

Rotatorlao  ova,     . 
Rotifer,         .       .       .       . 

MUcellaneoui,  ZoQgloea,   . 

Total 


0 

0 

28 

1 

0 

0 

1 

0 

0 

0 

ao 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

1 

0 

0 

5 

0 

0 

0 

8 

0 

0 

0 

2 

0 

0 
0 

1 

0 
0 


0 
0 


40 


130 


76 


20 


IS 


Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Northborough 

Water  Works. 

[Parts  per  100,000.] 


I 


a 
o 


a 


o 


18180 
16500 
16888 
17271 
17722 


1806. 

Feb.  24 

Apr.29 
June24 
Aug.24 
Oct.  26 


Appkarakcb. 


I 


a 


5 

o 


Blight, 

clayey. 
Distinct. 

Dlstioot. 

Distinct. 

V.  slight. 


Slight. 

Slight. 

Slight. 

Oons. 

Slight. 


0.65 
1.00 
1.00 
0.52 
0.90 


Rbsiddb  on 
Evapora- 
tion. 


o 
H 


s 
o 

•Pi. 

o  c 


3.40 
3.20 
3.95 
3.70 
4.85 


1.00 
1.45 
1.85 
1.70 
1.95 


AmioNiA. 


Albuminoid. 

• 

•o 

i 

"S 

1 

4> 

•a 

o 

,2 

a  o. 

(iM 

H 

;5 

QO 

.0064 
.0004 
.0014 
.0000 
.0008 


.0166 
.0234 
.0274 
.0270 
.0248 


.0152 
.0220 
.0232 
.0880 
.0234 


.0014 
.0014 
.0042 
.0040 
.0014 


NlTROGRN 
AS 


5 

2 


.17 
.18 
.12 
.20 
.26 


.0180 
.0070 
.0080 
.0000 
.0000 


vw 

^ 

s 

^ 


.0001 
.0000 
.0000 
.0000 
.0001 


0.68 
0.77 
1.05 
0.65 
1.05 


Averages  by  Tears, 


0.6 
1.0 
0.8 
0.7 
0.0 


1893* 

- 

- 

0.40 

4.50 

1.95 

.0000 

.0276 

.0156 

.0120 

1 
.28 

.0050 

.0000 

0.49 

1894t 

- 

- 

0.57 

8.20 

1.52 

.0009 

.0337 

.0218 

.0119 

.27 

.0000 

.0000 

0.54 

1895 

- 

- 

0.70 

8.62 

1.58 

.0002 

.0218 

.0180 

.0088 

.SO 

.0020 

.0000 

0.72 

1896 

- 

- 

0.79 

3.72 

1.59 

.0018 

.0238 

.0213 

.0025 

.18 

.0046 

.0000 

0.81 

0.0 
0.0 
0.7 
0.8 


*  September.  f  July  and  August. 

NoTB  to  analyses  of  1896 :  Odor,  vegetable,  becoming  somewhat  stronger  on  heating.  •^^  The  eam* 
plea  were  collected  from  the  reservoir. 
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KOBTHBOROITGH. 

Microscopical  Examination  of  Water  from  the  Lower  Beservoir  of  the  Northborough 

WaUr  Works. 

[Number  of  organisms  per  enblo  centimeter.] 


ISIMi. 


Februmry. 


Day  of  examination,  . 
Namber  of  sample,     . 

PLANTS. 
Dlatomace», 

Asterlonella, 

Diatoma,       .       .       .  , 

Fragilaria,     .       .       .  < 

Melosira,       .       .       .  , 
Meridioo,      ... 

Brnedra,       .       .       .  , 

ntbellaria,    .       •       .  , 

Oyanophyce»,   . 

Microcystis,  .       .       .  . 

OedUaria,      .       .       .  , 

Alffte 

Pcdiastrom,  .       .       •  , 

ProtocoeoQS, , 

Baphidiam,  .       .       .  , 

Boenedesmns, 

Sphnrozosma, 

Btaarastrom, 

Zoospores,    .       .       .  . 

ANIMALS. 

Bhlzopoda,  Aotinopbrys,  , 

Infusoria,      .      .      .  , 

Oodonella,     .       .       .  . 

Dioobryon,   .       •       .  . 

Mallomonas, .       .       .  i 

Monas, 

Perldiolum,  .       •       .  . 
Tintinnldiam, 
Trachelomonas,    • 

Vermes, 

Aonrea,         .       .       .  • 

Rotifer, 

Cnistacea,    .      .      .  . 

Cyclops,       .      .      .  • 

Daphnia,       .       .       .  . 

Ml9cellanecu9,     •       .       .  . 

Acarina,        .       .       .  . 

ZolSfkea,       .       .       .  . 

Total. 


25 
10180 


May. 


.1 
16600 


June. 


Augost. 


26 
16888 


26 
17271 


October. 


87 

17722 


4 

nt 

1,000 

1,830 

0 

10 

464 

282 

0 

0 

0 

14 

8 

u 

0 

0 

0 

16 

22 

482 

0 

0 

0 

4 

1 

220 

226 

628 

0 

82 

288 

20 

0 

18 

4 

2 

0 

0 

4 

2 

0 

18 

0 

0 

0 

M 

28 

62 

0 

2 

4 

2 

0 

4 

6 

0 

0 

0 

8 

40 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

6 

0 

0 

Itt 

26 
0 
0 

64 

2 
18 
22 


0 
0 


0 
0 
2 

4 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 
0 
2 
0 
0 
0 


0 
2 


.02 

0 
.02 


0 

66 

0 

4 
0 
0 
2 


42 

2 
40 


0 
0 


104 

16 
70 
4 
0 
12 
2 
0 


2 
2 


0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 


.02 

.02 
0 


0 

60 

10 

100 

0 

0 

0 

.16 

0 

60 

10 

100 

0 
6 


808 


1,146 


1,602 


186 
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NORTH  BROOKFEBIiB. 

Water  Supply  of  North  Brookfield. 

Chemical  Examination  of  Water  from  Doane  Pond^  North  Brookfield, 

[ParU  per  100,000.] 


§ 

% 

o 

I 


16920 
16105 
10280 
16462 
16634 
16806 
17087 
17247 
17513 
17668 
17800 
18187 


18»«. 

Jan. 22 

Feb.  19 
Mar.  18 
Apr.  22 
May  20 
Janel7 
Jaly22 
Aiig.19 
8ept.21 
Oct.  20 
Nov.  18 
Deo.  16 


Appbabanob. 


■3 

1 

a 
H 


«2 

a 
«> 

a 


5 

e 


Decided, 
clayey. 

DiBtlncC, 
clayey. 

Dedded. 

Decided. 

Decided. 

Decided, 
greeo. 
SligliC. 

Slight. 

Diatinct. 

DlstlDct. 

Diatinct. 

Distinct. 


Blight. 

Slight. 

Slight. 

SUght. 

Oons., 

yellow. 
Slight. 

Slight. 

Cona. 

Slight. 

Slight. 

Slight. 

Blight. 


.38 
.40 
.46 
.80 
.40 
.47 
.65 
.68 
.40 
.83 
.40 
.36 


BaaiDDB  ON 

EVAPORA- 
TIOM. 


4.66 
3.00 
3.65 
2.85 
8.70 
3.65 
3.80 
3.55 
8.75 
8.70 
4.15 
8.65 


o 
o 


1.60 
1.25 
1.55 
1.10 
1.65 
1.60 
1.75 
1.50 
1.50 
1.05 
1.80 
1.65 


Ammonia. 


Albuminoid. 

* 

> 

• 

1 

i 

1 

i 

si 

bk 

E- 

a 

00 

.0040 
.0034 
.0012 
.0002 
.0010 
.0002 
.0018 
.0000 
.0000 
.0022 
.0002 
.0004 


.0178 
.0202 
.0254 
.0256 
.0352 
.0286 
.0324 
.0844 
.0440 
.0342 
.0246 
.0230 


.0164 
.0190 
.0212 
.0176 
.0244 
.0262 
.0804 
.0332 


.0014 
.0012 
.0042 
.0080 
.0108 
.0024 
.0020 
.0012 


.0892  .0048 
.0262  .0080 
.0226.0020 


9 

e 

o 


.0198 


.0032 


.17 
.11 
.16 
.11 
.16 
.10 
.14 
.18 
.18 
.16 
.SO 
.20 


NiTBOOBK 
AS 


I 


s 

B 

55 


'  S 

<  a 

0 
g 


.0100 
.0160 
.0180 
.0070 
.0060 
.0000 
.0030 
.0050 
.0000 
.0050 
.0000 
.0020 


.0000  .46 


.0001 
.0000 
.0000 
.0000 


.48 
.52 
.40 
.46 


.0001  .66 
.0000  .49 
.0000  .80 


.0002 
.0000 
.0001 
.0001 


.49 
.48 
.51 
.52 


1.1 
1.1 
1.1 
0.9 
1.0 
0.9 
1.8 
1.5 
0.8 
1.8 
1.2 
0.9 


Averages  by  Years, 


~ 

1894 

- 

- 

.91 

4.24 

i.n 

.0110 

.0863 

.0280  .0073 

.19 

.0054 

1 

.0001 

.62 

1.1 

- 

1895 

- 

- 

.51 

4.92 

1.60 

.0076 

.0365 

.0285 

.0080 

.22 

.0102 

.0002  .51 

1.7 

- 

1896 

- 

.48 

3.74 

1.48 

.0012 

.0288 

.0247 

.0041 

.15 

.0054 

.0000| 

.61 

1.1 

Note  to  analyses  of  1896:  Odor,  generally  distinctly  Tegetable,  occasionally  sweetish.— The 
pies  were  collected  from  the  pond. 
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NORTH  BROOKFEBXB, 

MicroscopiccU  Ezaminalion  of  Water  from  Doane  Pond^  North  Brookfield. 

[Namber  of  orgmnlBms  per  enbio  centimeter.] 


1806. 


Jan. !  Feb. 


Mar. 


Apr. 


May. 


June.  1  Jolj. 


Aug. 


Sept 


Oct 


Nor. 


Dec, 


Day  of  examlnatioDf 
Namber  of  aample,  . 


Merlamopedia,  . 
Microcyatis, 


Alflr», 


ArthrodeBmua,  . 

Dlctyoapbnrlom, 

Pediaatrnm, 

Protococoaa, 

Rapbldlam, 

Staaraatrom, 

Btaarogenia, 

ZodaporcB, 


23 
15929 


21 


19 


24 


1610516280,16462 


22 
16634 


18 
16806 


23 
17037 


20 
17247 


22 


21 


1751317668 


19 
17890 


17 
18187 


PLANTS. 

Diatomacee,    . 

Aateriooella, 

2rclotella, . 
eloalra,  . 
Navlcala,  . 
Bynedra,  . 
Tabellaria, 


Oyanophycee, 


88 

14 

28 

364 

528 

122 

17 

4 

0 

64 

200 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

12 

10 

17 

140 

3 

32 

9 

0 

9 

160 

320 

89 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

0 

m 

0 

117 

68 

0 

0 

0 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

11 

2 

0 

4 

0 

96 

8 

0 

0 

0 

0 

12 

6 

0 

0 

0 

0 

8 

80 

0 

0 

116 

0 

0 

0 

28 

0 
0 
23 
3 
2 
0 


0 
0 


18 

0 
0 
8 
6 
0 
0 
4 
0 


0 
0 
0 
4 

2 
0 


6 

0 

6 


72 

0 
0 
4 

60 
0 
0 
8 
0 


70 

220 

124 

14 

196 

84 

0 

4 

0 

0 

0 

0 

0 

0 

0 

44 

20 

24 

12 

0 

16 

8 

0 

0 

8 

0 

0 

0 

0 

0 

792 

18 

82 

10 

12 

4 

0 

0 

8 

4 

0 

0 

728 

6 

20 

40 

0 

0 

2 

0 

0 

8 

0 

0 

0 

0 

0 

42 

32 
0 
0 
0 
4 
6 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


ANIMALS. 
Bhizopoda,  Actinopbrya, . 


Infusoria. 

DlDobryoD,        .       .       .       . 

Eaglena, 

Mallomonaa,      .       .       .       . 

Monaa, 

Peridlnium 

Pbacua, 

Synara, 

Tlntlooidinm,  .  .  •  . 
Tracbelomonaa,  .  ,  . 
Uroglena, 

Vermes, 

Aaplancbna,  .  •  .  . 
Pofyartbra,  .  .  .  . 
Rotatorlan  ova, .... 


0 

0 

82 

48 

30 

38 

1 

0 

0 

0 

0 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

15 
0 
0 
0 
5 
0 
0 
0 
0 
0 


0 
0 
0 


64 

30 
2 
0 
0 
0 
0 

46 
2 
2 
2 


12 

6 
2 
4 


28 

0 
0 

1 

0 
0 
0 
0 

1 

26 
0 


0 
3 
0 


20 

14 

0 
8 
2 
0 
0 
0 
0 
1 
0 


0 
0 
0 


0 

0 

0 

0 

0 

84 

10 

84 

2,122 

832 

82 

4 

8 

2,120 

820 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

6 

0 

8 

2 

0 

0 

2 

4 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

2 

6 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

428 

408 
0 
0 
0 
20 
0 
0 
0 
0 
0 


0 
0 
0 


Miscellaneous  t 

Acarina, 
ZoSgloea, 

Total, 


0 

60 

4 

100 

0 

0 

0 

.02 

0 

60 

4 

100 

10  I     20 


0 
10 


0 
20 


60 

160 

20 

15 

40 

.12 

0 

0 

0 

0 

60 

160 

20 

15 

40 

10 

0 
10 


72     117 


172  I  560  ,  681  I     227  I     135 


256 


924 


2,375 


1,028 


480 
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NORTH  BBOOKFIEIiD. 

Chemical  Examination  of  Water  from  the  FUtered-water  Well  of  the  North  Brook- 
field  Water  Works. 

[Parte  per  100,000.] 


i 

s 

at 

Q 


15980 

16100 

10281 
10488 

10886 

18807 

17038 
17248 
17614 
17800 
17891 
18188 


Jan.  22 

Feb.  10 

Mar.  18 
Apr.22 

May  90 

Jane  17 

Jaly22 
Ang.lO 
Sepc.21 
Oot.20 
Nov.  18 
Deo.  16 


Appbabakob. 


6 


■a 

a 


o 


Decided, 

Slight. 

clayey. 
DlatlDct, 

SUght. 

clayey. 

Dedded. 

Slight. 

DlsUocl, 

Slight. 

green. 

Decided. 

Cona., 

yellow. 

Dedded, 

dona., 

floe. 

yellow. 
V.aUght. 

V.  alight. 

Slight. 

Slight. 

Diatioet. 

Slight. 

DiatiDct. 

Slight. 

Diatlnot. 

Slight. 

Distinct. 

Slight. 

.40 

.46 

.42 
.30 

.40 

.80 

.57 
.68 
.40 
.31 
.87 
.40 


Kbsiddb  cm 
Btapoba- 

TIOM. 


o 
H 


4.85 

3.70 

2.45 
2.86 

8.26 

8.70 

3.00 
3.66 
3.65 
8.70 
3.96 
3.60 


I 


1.60 

1.80 

0.75 
1.25 

1.60 

1.16 

1.80 
1.65 
1.40 
1.05 
1.56 
1.56 


Anmowia. 


Albaminold. 

• 

1 

i 

2 

1 

1 

si 

Bu 

H 

O 

00 

.0054 

.0044 

.0010 
.0002 

.0006 

.0136 

.0006 
.0000 
.0000 
.0000 
.0002 
.0006 


.0152 

.0210 

.0224 
.0180 

.0802 

.0184 

.0264 
.0258 
.0332 
.0232 
.0212 
.0198 


.0140 

.0160 

.0140 
.0152 

.0262 

.0174 

.0250 
.0242 
.0808 
.0200 
.0192 
.0174 


.0012 

.0060 

.0084 
.0028 

.0040 

.0010 

.0014 
.0016 
.0024 
.0082 
.0020 
.0024 


a 

i 


.16 

.12 

.16 
.12 

.16 

.12 

.14 
.12 
.16 
.16 
.20 
.21 


NiTROOBK 


s 

s 


.0180 

.0160 

.0120 
.0100 

.0060 

.0070 

.0080 
.0080 
.0050 
.0030 
.0050 
.0020 


.0000 

.0001 

.0000 
.0000 

.0000 

.0006 

.0000 
.0000 
.0001 
.0001 
.0000 
.0001 


a 

a 

s 

a 

g 


.42 

.M 

.62 
.88 

.40 

.38 

.49 
.66 
.46 
.46 
.48 
.53 


i 


& 


0.0 

0.9 

1.0 
0.7 

1.0 

1.1 

1.1 
1.4 
0.9 
1.0 
1.8 
0.9 


Averages  by  Years, 


1894 

^ 

^ 

.78 

4.68 

1.86 

.0096 

.0286 

.0252 

.0034 

.19 

.0005 

.0002 

.64 

1895 

• 

. 

.87 

5.18 

1.50 

.0137 

.0255 

.0196 

.0059 

.21 

.0089 

.0001 

.37 

1896 

"• 

• 

.42 

3.58 

1.37 

.0022 

.0229 

.0200 

.0029 

.16 

.0070 

.0001 

.48 

1.0 
1.9 
1.0 


Note  to  analyaea  of  1896 :  Odor,  generally  distinctly  vegeteble,  oooaaionally  sweetish,  rarely  none. 

The  samples  were  collected  from  the  filtered-water  well  in  Doane's  Pond,  from  which  the  anpply 

of  the  town  is  drawn. 


Microscopical  Examination  of  Water  from  the  FiUered^water  Well  of  the  North 

Brookfield  Water  Works, 

[Number  of  organisms  per  cable  centimeter.] 


1806. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aog. 

Sept. 

Oct. 

Nov. 

Dec 

Day  of  examination. 

28 

21 

19 

24 

22 

18 

23 

20 

22 

21 

19 

17 

Kamber  of  sample, .... 

15980 

16106 

16281 

16463 

16635 

16807 

17088 

17248 

17514 

17669 

17891 

18188 

PLANTS. 

Diatomaceos,    .... 

tt 

16 

82 

480 

MA 

0 

t 

6 

128 

m 

52 

44 

Aaterionella,      .... 

Fragilarla, 

Navlcula, 

Synedra, 

Tabellaria,         .... 

9 
0 
0 
10 
8 

5 
0 
0 
8 
3 

0 

0 

0 

24 

8 

14 

0 

0 

144 

272 

128 
6 

4 

48 

500 

0 
0 
0 
0 
0 

0 
0 
0 
0 
2 

0 
0 
0 
2 

4 

2 

0 

2 

116 

8 

208 

0 

0 

20 

0 

20 
0 
0 

32 
0 

18 
0 
0 
2 

24 
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NORTH  BBOOKEXBLB. 

Microscopical  Examinaiion  of  Water  from  the  Filtered-water  Well  of  the  North 

Brookfield  Water  Works — Concluded. 

[Namber  of  organUmB  per  cable  eenUmeter.] 


ISOfl 

\. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aog. 

Sept. 

Oct. 

Nov. 

Dee. 

PLANTS -Oon. 

Alffte 

1 

8 

48 

1 

158 

0 

8 

88 

676 

18 

18 

8 

Arihrodeflmae, . 
Dletyotpbsriiim, 
Pedlutram, 
Protoeooeae,     . 
Bapbldiam, 
Buaneiram,     • 
StanroseaU, 
Zodeporeti 

0 
0 
0 
0 

1 

0 
0 
0 

0 
0 
0 
0 
8 
0 
0 
0 

0 
0 
0 
0 
4 
0 
0 
44 

0 
0 

1 
0 
0 
0 
0 
0 

1 
0 
1 

1 

72 
80 
64 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

I 

0 
0 

0 
0 
2 
02 
0 
4 
0 
0 

14 

0 

4 

010 

22 
4 

10 
0 

0 
0 
0 
4 
0 
0 
8 
0 

0 
12 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2 
0 
0 
0 

Funffiy  OrenothrUt 

0 

5 

8 

0 

8 

8,800 

8 

8 

0 

8 

0 

0 

ANIMALS. 

InftiBoria, 

8 

6 

8 

11 

8 

0 

888 

18 

M 

515 

888 

184 

Dinobryon, 

MAUomoDM, 

Monee, 

Peridiolum, 

Tlntlonidiain,    . 

TnebeloinonM, 

8 
0 
0 
0 
0 
0 

6 
0 
0 
1 
0 
0 

0 
0 
0 
2 
0 
0 

8 
0 
0 
8 
0 
0 

0 
0 

I 

0 

1 

0 

0 
0 
0 
0 
0 
0 

824 
0 
0 
1 
2 
2 

0 
0 
0 
2 
0 
10 

4 
8 
8 
2 
0 
2 

616 
0 
0 
0 
0 
0 

800 
0 
0 
8 
0 
0 

124 
0 
0 
8 
0 
2 

MUeeliansotUt  ZoQgloea, 

0 

5 

0 

40 

808 

0 

40 

80 

5 

15 

40 

5 

1 

86 

90 

482 

1,068 

2,000 

871 

190 

888 

770 

472 

186 

NORTHFIELD. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Nortbfield, 
relative  to  the  protection  of  the  parity  of  Mill  Brook  in  that  town, 
from  which  a  supply  of  water  for  several  families  is  taken,  may  be 
found  on  pages  74  and  75  of  this  volume. 

Chemical  Examination  of  Water  from  Mill  Brook,  Norlhfield. 

[Parte  per  100,000.] 


I 

s 


I 

e 
O 

o 

a 

m 
O 


17907 
17008 


ISIMi. 

Nov.27 
Nov.27 


Appbabakob. 


•fi 

a 
H 


a 


None. 
None. 


Sligbt. 
SUgbt. 


.58 
.65 


REfflDUB  CM 

EVAPOIA- 

TION. 


I 


a 
o 
a 

§1 
5 


3.50 
8.85 


1.45 
1.75 


Ammovia. 


Albuminoid. 

• 

•6 

> 

± 

• 

r^ 

Ti 

• 

1 

s 

5  o. 

b 

H 

o 

CO 

.0008  .0148 
,0004  .0154 


.0134 
.0142 


.0014 
.0012 


6 

c 

o 


15 
.16 


NiTBOOBN 
AS 


s 

1 


8 


.0030 
1.0050 


.0001 
.0000 


"2 

a 


I 

M 

o 


i 


.73 
.76 


0.8 
0.9 


Odor,  dlBtinctly  vegeteble. Tbe  Aral  aample  was  collected  from  Mill  Brook,  at  flrat  road  croaa- 

log  above  Main  Street,  and  above  tbe  point  wbere  tbe  sewage  from  a  botel  enters  the  ntream ;  tbe  second, 
from  Mill  Brook,  jast  above  Main  Street,  at  tbe  point  wbere  a  water  supply  for  several  familiea  ia  taken. 

Microscopical  Examination. 

Tbe  total  number  of  organiama  per  oublc  centimeter  found  in  tbese  samples  was  aa  foUowa:  No. 
17907,21;  No.  17968,12. 
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NORTH  BROOKFIEIiD, 

Chemiccd  Examination  of  Water  from  the  FiUered-water  Well  of  the  North  Brooh- 

field  Water  Works. 

[Parte  per  100,000.] 


i 

I 


I 
I 


16080 

16100 

10281 
10408 

10686 

10807 

17038 
17248 
17614 
17009 
17801 
18188 


Jan.  22 

Feb.  19 

Mar.  18 
Apr.22 

May  90 

Jane  17 

July  22 
Aag.19 
8ept.21 
Oct.  20 
Nov.  18 
Deo.  16 


Appbabanob. 


I 


■a 
S 


o 
o 


Decided, 

BUgbt. 

clayey. 
Dlatloot, 

Sligbt. 

clayey. 
Decided. 

Sligbt. 

DiaUnct, 

Slight. 

green. 

Decided. 

Cons., 

yellow. 

Decided, 

dons., 

floe. 

yellow. 
V.sUgbt. 

V.  Blight. 

Sligbl. 

Slight. 

Distinct. 

Slight. 

Distinct. 

Sligbt. 

Distinct. 

Sligbt. 

Distinct. 

Sligbt. 

.40 

.46 

.42 
.30 

.40 

.80 

.67 
.08 
.40 
.31 
.87 
.40 


Kbsiddb  on 
Btapoba- 

TIOM. 


& 


4.86 

3.70 

2.46 
2.86 

3.26 

8.70 

3.00 
3.66 
3.66 
3.70 
3.96 
3.60 


5 


a 
o 
a 


1.00 

1.30 

0.76 
1.26 

1.60 

1.16 

1.80 
1.66 
1.40 
1.06 
1.66 
1.66 


Aniioxia. 


AlbumiDold. 

• 

i 

1 

1 

1 

1 

si 

H 

fi 

eo 

.0064 

.0044 

.0010 
.0002 

.0006 

.0186 

.0006 
.0000 
.0000 
.0000 
.0002 
.0006 


.0162 

.0210 

.0224 
.0180 

.0302 

.0184 

.0264 
.0268 
.0332 
.0232 
.0212 
.0198 


.0140 

.0160 

.0140 
.0162 

.0262 

.0174 

.0260 
.0242 
.0808 
.0200 
.0192 
.0174 


.0012 

.0060 

.0084 
.0028 

.0040 

.0010 

.0014 
.0016 
.0024 
.0032 
.0020 
.0024 


1 


.16 

.12 

.16 
.12 

.16 

.12 

.14 
.12 
.16 
.16 
.20 
.21 


NrrROOBH 


I 


.0180 

.0160 

.0120 
.0100 

.0060 

.0070 

.0080 
.0030 
.0060 
.0030 
.0060 
.0020 


.0000 

.0001 

.0000 
.0000 

.0000 

.0006 

.0000 

.0000 

.0001 

.0001 

.00001 

.0001 


a 

9 
« 

a 

s 

a 
« 

o 


.42 

.62 

.62 
.38 

.40 

.38 

.40 
.66 
.46 
.46 
.48 
.63 


i 


& 


0.0 

0.0 

1.0 
0.7 

1.0 

1.1 

1.1 
1.4 
0.0 
1.0 
1.3 
0.0 


Averages  by  Tears, 


1804 

^ 

. 

.73 

4.68 

1.86 

.0000 

.0286 

.0262 

.0034 

.10 

.0006 

.0002 

.64 

1896 

• 

• 

.87 

6.18 

1.60 

.0137 

.0266 

.0196 

.0059 

.21 

.0080 

.0001 

.37 

1806 

" 

■• 

.42 

3.68 

1.37 

.0022 

.0229 

.0200 

.0029 

t 

.16 

.0070 

.0001 

.48 

1.6 
1.0 
1.0 


Note  to  analyses  of  1806 :  Odor,  generally  distinctly  vegetable,  ocoaaionally  sweetish,  rarely  none. 

The  samples  were  collected  from  the  flltered-water  well  in  Doane's  Pond,  from  which  the  supply 

of  the  town  is  drawn. 


Microscopical  Examination  of  Water  from  the  FiUered-water  Well  of  the  North 

Brookfield  Water  Works, 

[Nnmber  of  organisms  per  cable  centimeter.] 


1806. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

Day  of  examination. 

28 

21 

10 

24 

22 

18 

23 

20 

22 

21 

10 

17 

Number  of  sample 

16080 

16106 

16281 

16463 

16636 

16807 

17038 

17248 

17614 

17669 

17801 

18188 

PLANTS. 

Diatomace» 

22 

16 

82 

430 

686 

0 

t 

6 

128 

226 

52 

44 

Asterionella,      .... 

Fragilarla, 

Navloala, 

Synedra, 

Tabellaria,        .... 

0 
0 
0 
10 
3 

6 
0 
0 
8 
3 

0 

0 

0 

24 

8 

14 

0 

0 

144 

272 

128 
6 

4 

48 

600 

0 
0 
0 
0 
0 

0 
0 
0 
0 
2 

0 
0 
0 
2 

4 

2 
0 
2 
116 
8 

208 

0 

0 

20 

0 

20 
0 
0 

32 
0 

18 
0 
0 
2 

24 

\ 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NOBTH  BROOKEXBIiD. 

Microscopical  Examination  of  Water  from  the  Filtered-water  Well  of  the  North 

Brookfield  Water  Works  —  Concluded. 

[Namber  of  organUmB  per  onbio  eeoUmeter.] 


ISM 

1. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aog. 

Sept. 

Oct. 

Nov. 

Dee. 

PLANTS  — CJon. 

1 

Alffte 

1 

8 

48 

1 

158 

0 

0 

88 

676 

18 

18 

8 

ArihrodMinaft, . 

I>letyoftpb«Briaini 

Pedlutram, 

Protoeoceos, 

Baphldiam, 

SUunwirum,     . 

StonrosenU, 

ZootporM, 

0 
0 
0 
0 

1 

0 
0 
0 

0 
0 
0 

t 

0 
0 
0 

0 
0 
0 
0 
4 
0 
0 
44 

0 
0 
1 
0 
0 
0 
0 
0 

1 
0 
1 
1 

72 

90 

64 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
2 
02 
0 
4 
0 
0 

14 

0 

4 

010 

22 
4 

10 
0 

6 
0 
0 
4 
0 
0 
8 
0 

0 
12 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2 
0 
0 
0 

Funffi,  OrenothrlXt 

0 

5 

8 

0 

0 

8,000 

0 

0 

0 

0 

0 

0 

ANIMALS. 

Infusoria, 

8 

6 

8 

11 

8 

0 

888 

18 

M 

515 

888 

184 

Dinobryon, 
MAUomonat, 

MODASt 

Peridioiam, 
Tlntlooidiaoi,    . 
TrMbelomonM, 

8 
0 
0 
0 
0 
0 

5 
0 
0 
1 
0 
0 

0 
0 
0 
2 
0 
0 

8 
0 
0 
8 
0 
0 

0 
0 

1 
0 

1 

0 

0 
0 
0 
0 
0 
0 

824 
0 
0 
1 
2 
2 

0 
0 
0 
2 
0 
10 

4 
8 
8 
2 
0 
2 

616 
0 
0 
0 
0 
0 

800 
0 
0 
8 
0 
0 

124 
0 
0 
8 
0 
2 

MUeeliansotUt  Zodgloea, 

0 

5 

0 

1 
40 

200 

0 

40 

80 

5 

15 

40 

5 

1 
86 

90 

482 

1,053 

2,000 

871 

190 

888 

776 

472 

186 

NORTHFIELD. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Northfield, 
relative  to  the  protection  of  the  parity  of  Mill  Brook  in  that  town, 
from  which  a  supply  of  water  for  several  families  is  taken,  may  be 
found  on  pages  74  and  75  of  this  volume. 

Chemical  Examination  of  Water  from  Mill  Brooke  Northfield. 

[Parte  per  100,000.] 


• 

a 
O 

ArPSABAVOB. 

Rbsidub  on 

EVAPOB4- 
TION. 

Ammobia. 

• 

c 

NITBOOBB 
AS 

1 

a 

1 

• 

i 

,: 

* 

on 
gnitlon. 

Albaminoid. 

* 

3 
1 

• 

i 

1 

• 

1 

i 

• 

1 

I 

1 

1 

6 

o 

1 

S" 
5 

1 

.S 

it 

2 

§ 

1 

% 

Q 

H 

o 

H 

b 

H 

A 

CO 

O 

a^ 

^ 

O 

M 

1S»«. 

1 

17907 

Nov.27 

None. 

Slight. 

.68 

8.50 

1.45 

.0008 

.0148 

.0134 

.0014 

15 

l.oo:',o  .0001 

.78 

0.8 

17008 

Noy.27 

None. 

Slight. 

.55 

3.85 

[ 

1.75 

.0004 

.0154 

.0142 

.0012 

,16 

j.d  '      nooO 

.76 

0.0 

Odor,  distinctly  vegetable. The  first  sample  was  collected  from  Mill  Brook,  at  first  road  cross- 
log  above  Main  Street,  and  above  the  point  where  the  sewage  from  a  hotel  enters  the  ntream ;  the  second, 
from  Mill  Brook,  jast  above  Main  Street,  at  the  point  where  a  water  supply  for  several  families  is  taken. 

Microscopical  Examination. 

The  total  namber  of  organisms  per  oablc  centimeter  foand  in  these  samples  was  as  follows:  No. 
17967,  21;  No.  17968. 12. 
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NORWOOD, 

Water  Supply  of  Norwood. 

Keference  was  made  in  the  last  annual  report  to  the  disagreeable 
taste  and  odor  in  the  water  from  Buckmaster  Pond,  caused  by  the 
organism  Uroglena.  Trouble  from  this  cause  continued  through  the 
spring  of  1897,  but  ceased  early  in  the  summer. 

Chemical  Examination  of  Water  from  Buckmaster  Pond^  Dedham. 

[PartB  per  100,000.] 


• 

a 

1 
1 

Appbabakob. 

Rbsiddb  on 

EVAPOBA- 
TIOK. 

Ammonia. 

a 

1 

o 

.24 

NiTBOGKN 
AS 

1 

Oxygen  Consomed. 

• 

s 
H 

i 

o 

§ 

• 

1 

LoBion 
Ignition. 

• 

Albuminoid. 

• 

2 

• 

1 

S 

1 

a 

• 

i 

1 

Sus- 
pended. 

• 

1 

15850 

1806. 

Jan.   7 

Decided. 

Slight. 

1 

.18 

3.15 

1.05 

.0066 

1 

.0226 

.0160 

.0066 

.0080 

.0000 

1 

t 

.31 

0.5 

16020 

Feb.  4 

Slight. 

Slight. 

.20 

3.35 

1.50 

'.0096 

.0176 

.0148 

.0028 

.87 

.0020 

.0000 

j 

.35 

0.8 

10233 

Mar.  10 

Decided. 

Slight. 

.20 

3.10 

1.20 

.0034 

.0200 

.0140 

.0060 

.34 

.0050 

.0001 

.31 

0.8 

16368 

Apr.  7 

Distinct. 

Slight. 

.18 

2.10 

0.60 

.0058 

.0162 

.0140  .0022 

.42 

.0070 

.0001 

.28 

1.0 

16545 

May   5 

Distinct. 

Slight. 

.18 

2.90 

1.45 

.0002 

.0206 

.0174 

.0032 

.38 

1.0050 

.0000 

.32 

0.6 

16722 
16940 

June  2 
Jnly  7 

Slight. 

milky. 
DisUnct. 

Slight. 
Slight. 

.22 
.15 

2.70 
2.85 

1.35 
0.95 

.0016 
.0000 

.0266 
.0178 

.0250 
.0140 

.0016 
.0038 

.34 
.38 

.0000 
.0070 

.0000 
.0000 

.34 

0.8 
0.6 

17145 

Aag.  6 

Distinct. 

V.  slight. 

.10 

3.05 

1.35 

.0006 

.0196 

.0170 

.0026 

.38 

.0000 

.0000 

.29 

0.6 

17350 

Sept.  3 

V.  slight. 

V.  slight. 

.13 

1.85 

0.80 

.0004 

.0220 

.0180 

.0040 

.38 

.0000 

.00001 

.28 

O.S 

17588 

Oct.  5 

V.  slight. 

SUght. 

.07 

2.80 

1.05 

.0090 

.0252 

.0200 

.0052. 

.40 

i 

.0030  .OOOli 

.38 

0.3 

17779 

Nov.  3 

!  Distinct. 

1 

V.  slight. 

.10 

3.15 

1.05 

.0172 

.0200 

.0184 

.0016 

1 

.42 

.0080 

.0000 

.23 

0.8 

17989 

Dec.  2 

Slight. 

1 

Slight. 

.08 

3.00 

0.70 

.0038 

.0152 

.0124  .0028 

t 

.40 

.0150  .0000 

1 

.21 

1.7 

Averages  by  Years, 


1887* 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 


.09 
.15 
.11 
.05 
.06 
.07 
.07 
.10 
.16 
.15 


2.64 
2.66 
2.47 
2.59 
2.48 
2.88 
2.62 
2.82 
2.95 
2.83 


1.06 
0.95 
0.79 
0.99 
0.97 
1.24 
1.08 
1.13 
1.24 
1.09 


.0058.0212!  - 

I    I 
.0069.02481  - 


.30  1 1. 0018 
.29  1.0065 


.0001 


.0024  .0199  .0174  .0025 '.30  1.0068  .0001 


.0015.0180.0147.0033 

I 

.0014.0166.0140.0026 

.0019.0219.0172.0047 

'  I 


I' 
.30  r. 0075'. 0000'     - 


.26   '.0075 


.00001     - 


.32  il.0067  .0000      - 


.0052  .0199  .0156  .004.H,  .83    ;.0028  .0000  .26 


1.0055.0182.0153.0029 
.0047  .0220  .0174  .0046 
.0048.0203.0168.0035 


.36     .0028  .0000,  .24 

I  r 

.36   |. 0066  .0000  .29 

I  I 

.37     .0046.0000  .80 


1.0 
0.7 
0.7 
0.7 
0.5 
0.5 
0.7 


*  June  to  December. 

NoTB  to  analyses  of  1896:  Odor  of  the  first  four  samples,  decidedly  fishy;  of  the  others,  frequently 
vegetable  and  occasionally  mouldy  or  unpleasant. The  samples  were  collected  from  the  pond. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NORWOOD. 

Microscopical  Examination  of  Water  from  Buckmaster  Pond^  Dedham. 

[Number  of  organUms  per  cubic  centimeter.] 


1806. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July.    Aug. 

1 

Sept. 

Oct 

Nov. 

Dec. 

Day  of  examination, 

Number  of  aample 

8        0 
1585016020 

12 
16233 

8 
16868 

7 
16545 

4 
16722 

8 
16040 

7 
17145 

8        7 
17850 17588 

4 
17770 

8 
17080 

PLANTS. 
Diatomacee,    . 

Asterionella, 
Cyclotella, . 
Meloaira,  . 
Meridlon,  • 
Navlcula,  . 
Btephanodiacna, 
Bynedra,  . 
Tabeliaria, . 


Cyanophyce»,  Mlorocyaiia 


»   • 


AlfiTflB. 


Protococcua, 
Rapbidium, 
Ulotbrlz,    . 
Zodaporee, 


210      44 


176 
10 
0 
0 
1 
0 
7 
16 


58 

6 
4 

48 
0 


3 

0 

10 

12 

7 

0 

11 

1 


0 
0 
0 
0 
0 
0 
0 
0 


1 

0 
0 
0 


8 
0 
0 
0 


46 

27 

48 

7 

0 

1 

88 

122 

12 

4 

0 

0 

0 

0 

6 

58 

0 

14 

0 

4 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

4 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

2 

0 

0 

48 

0 

0 

0 

0 

0 

4 

0 

1 

0 

0 

0 

28 

12 

30 

0 

0 

2 

0 

0 

0 

0 

0 

0 

1 

4 

0 

40 

6 

6 

0 

3 

8 

21 

11 

7 

6 

2 

0 

3 

3 

0 

4 

5 

6 

2 

0 

0 

5 

8 

7 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 

0 

0 

0 

0 

74 
0 
8 
0 
1 
0 
0 
0 


0 
0 
0 
0 


ANIMALS. 
Infusoria,    . 


Codonella, .       . 
Crypiomonaa,    . 
Dlnobryon, 
Peridinlum, 
Tracbelomonaa, 
Uroglena,  . 


Vermes, 

Anurea, 
BoUfer, 


204 

21 

44 

20 

9 

0 

1 

2 

2 

2 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

2 

1 

4 

0 

1 

0 

1 

2 

2 

0 

2 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

200 

20 

40 

20 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
4 
0 


0 
0 


MUceUan€0U9, 

Acarina, 
ZodgloBa, 


0 

0 

10 

.04 

20 

0 

4 

10 

5 

10 

6 

0 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

20 

0 

4 

10 

5 

10 

5 

20 

0 
20 


Total, 


473 


66 


67 


66 


68 


58 


37 


24 


55 


62 


140 


107 
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NORWOOD. 

Table  shomng  Heights  of  Water  in  Buckmaster  Pond  on  the  First  of  Each  Month 

in  1896. 

[Distance  below  crest  ofdam.] 


Datk. 


Feet. 


Jan.  1, 
Feb.  1, 
March  1, 
April  1, 
May  1, 
Jane    1, 


1806. 


0.92 
0.08 
0.42 
0.33 
0.17 
1.08 


Date. 


Feet 


July  1, 
Aug.  1, 
Sept.  1, 
Oct.  1, 
Nov.  1, 
Dec.  1, 


1806. 


2.71 
8.83 
4.75 
4.87 
8.75 
4.07 


Water  Supply  of  Orange. 

Chemical  Examination  of  Water  from  North  Pond^  Orange. 

[ParU  per  100,000.] 


I 

a 

a 


a 
o 

I 

O 

2 

at 

Q 


1806. 

15945    Jan.  21 

16088  Feb.  18 
16250  I  Mar.  16 
16414  ;  Apr.l4 
May  20 


16643 
16804 
16987 
17256 
17486 
17672 
17908 


June  15 
July  14 
Aug.19 
Sept.l6 
Oct.  20 
Nov. 18 


18113    Dec.  14 


Appbasancb. 


2 

2 

a 


«2 

B 


O 

o 


SUght. 

V.  slight. 

Distinct, 

clayey. 

V.  slight. 

Distinct, 
green. 

Slight, 
green. 

Distinct. 

Decided, 
green. 

Distinct, 
green. 

Distinct. 

Distinct. 
Slight. 


Rksidck  ov 

EVAFdBA- 
TIOX. 


3 

o 


c 
o 

3 


Slight. 

.58 

V.  slight. 

.30 

Oons., 

earthy. 
Slight. 

.28 
.20 

Slight, 

green. 
Oons. 

.38 
.85 

SUght, 

green. 
Slight, 

green. 
Cons., 

.48 
.58 
.48 

green. 
Slight, 

green. 
Slight, 

green. 
Slight. 

.43 
.30 
.33 

3.35 
2.90 
2.65 
2.10 
2.55 
2.65 
2.15 
;  3.20 
I  3.05 
3.30 
2.45 
2.85 


1.50 
0.95 
1.20 
0.70 
1.40 
1.20 
1.15 
1.90 
2.05 
1.80 
1.05 
0.80 


Ammonia. 


Albuminoid. 

i 

• 

1 

•o 

i 

i 

si 

b< 

H 

a     00 

.0018 
.0010 
.0020 
.0004 
.0002 


.0240 
.0098 
.0166 
.0008 
.0232 


.0014  .0260 
.0022  .0252 


.0010 


.0506 


.0000.0298 
.0008.0226 
.OOO0L0174 


.0004 


.0218  .0022 
.0074.0024 
.0106.0060 
.0076  .0022 

I 

.0202.0030 
.0192.0068 
.0204.0048 
.0472.0034 
.0214  .0084, 
.0180.0046 
.0150'.  0024 


a 
•c 

o 


.0154.0116.0038 


.11 
.09 
.14 
.10 
.14 
.10 
.09 
.15 
.15 
.15 
.15 
.16 


XlTBOOBK 
AS 


I 


a 
■ 

a 

o 

o 


.0050 
.0100 
.0130 
.0000 
.0050 
.0080 
.0000 
.0020 
.0020 
.0080 
.0020 
.0080 


.00001  .59 
.0000;  .33 
.0005|  .27 
.00001  .22 

I 

.0000  .45 
.0000  .56 
.0000 i  - 
.0000  - 
.0000  .61 


.0000 
.0000 
.0001 


.61 
.37 
.89 


0.8 
0.6 
0.6 
0.8 
0.6 
0.6 
0.9 
0.8 
0.6 
1.8 
1.1 
0.8 


Averages  by  Years. 


1894    • 

- 

- 

.67 

8.38 

1.68 

1895 

- 

- 

.72 

3.80 

1.72 

1896 

" 

- 

.38 

2.77 

1.27 

.0026.0254 
.0009.0225 


.0194 

i 
.0035 

.13 

1 

.0019 

.0000 

.60 

.0219 

.0035 

.14 

.0082 

.0000 

.69 

.0184 

.0041 

1 

.13 

.0040 

.0000 

.44 

0.9 
0.7 
0.7 


NoTi  to  analyses  of  1896:  Odor,  vegetable,  occasionally  sweetish,  sometimes  none. The  samples 

were  collected  from  the  pond. 
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ORANGE. 

Microscopical  Examination  of  Water  from  North  Pond,  Orange. 

[Namber  of  organiBms  per  oubio  centimeter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nor. !  Dee. 


Dfty  of  examination, 
Namber  of  lample, . 


PLANTS. 

Diatomaoee, 

Aeteriooella, 
Cocconele, . 
Cymbella,  . 
Epithemla, 
Meloslra,  . 
Navioula,  . 
NItzsehia,  . 
Synedra,  . 
Tabellarla, . 


Oyanophycess. 

Anabnna,  . 

Clathrocyetla, 

Coeloaphseriam, 

Merismopedla, 

Microcyetis, 

AlfiTCBt     . 

Arthrodeamae, 

Ohlorococcae, 

Pediaatram, 

Protoooccoa, 

Raphldium, 

Bpfrogyra, . 

Btanraatnim, 

Staurogenla, 

ZoSeporea,. 


Dinobryon, 

Euffleoa,    • 

Mallomonaa, 

Monaa, 

Paramoeiam,    . 

Perldlniom, 

Rapbidomooaa, 

Bynara, 

Trachelomonaa, 

Uroglena,  . 


Vermes, 

Anureo, 
Botatorlan  ova, 
Botifer,      . 


Crustacea, 

Boemina, 
Cyclopa, 


JH$ceUaneou8,  Zodgloea, 


24 
15945 


19 


17 


10088  1625e 


1« 
16414 


22 
16643 


17 
16804 


16 

16987 


21 
17256 


17 
17486 


21 


20 


1767217908 


15 
18118 


0 

25 

60 

27 

2,078 

370 

315 

0 

8 

8 

12 

900 

66 

70 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

7 

4 

0 

0 

2 

0 

0 

0 

18 

0 

328 

280 

88 

0 

8 

8 

2 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

4 

8 

10 

0 

8 

9 

0 

8 

10 

8 

848 

14 

148 

0 

0 

0 

0 

2 

8 

2 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

2 

6 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

so 

0 

25 

166 

21 

0 

0 

0 

0 

0 

10 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

1 

0 

0 

0 

0 

25 

124 

11 

0 

0 

0 

0 

0 

24 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

2 

0 

0 

0 

0 

0 

0 

1 

0 

1 

80 

0 

0 

0 

0 

256 

56 
0 
0 
0 
200 
0 
0 
0 
0 

1,852 

1,600 

0 

0 

48 

4 

598 

12 
0 
4 

0 
4 
668 
8 
'  0 
0 


414 

344 

22 

0 

0 

32 

0 

0 

14 

2 


30 

4 

0 

6 

0 

20 

1,121 

10 

1,072 
1 
0 
28 
0 
2 
8 
0 


96 

112 

44 

0 

0 

0 

0 

4 

0 

0 

46 

68 

2 

0 

0 

4 

0 

4 

4 

32 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

890 

952 

0 

4 

888 

944 

0 

0 

0 

0 

0 

4 

0 

0 

2 

0 

0 

0 

0 

0 

ANIMALS. 
Infusoria,    . 


0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 


0 
0 


83 

1 

0 
0 
32 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 

0 


0 
0 
0 
0 
0 
0 
0 
2 
0 
0 


0 
0 
0 


0 
0 


0 
0 
0 
0 
0 

1 

0 
0 
0 
0 

0 

0 
0 
0 


0 
0 


12 
1 

0 

1 
1 

0 
0 
0 
2 
2 
5 


2 

2 
0 
0 

.02 
.02 


0 
0 
0 
2 
0 
0 
0 
0 
0 
0 


0 
0 
0 


.04 

0 

Ot  .04 


49 

0 
6 
0 
2 
0 
5 
0 
0 
36 
0 

0 

0 
0 
0 


0 
0 


21 

0 
0 
2 
8 
0 
0 
4 
0 
6 
1 


4 

0 
2 
2 

0 

0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

0 


12 

0 
0 
0 
4 

8 
0 
0 
0 
0 
0 


20 


20 


40 


180 


40   40 


18 

5 
0 
0 
0 
8 
0 
0 
5 
0 


0 

0 
0 
0 
0 
0 

11 

2 
6 
0 
0 
3 
0 
0 
0 
0 


1 

0 
0 
0 
0 
0 
0 
0 
0 

1 

0 

0 

0 
0 
0 

0 

0 
0 


15 


Total, 


59 


92 


28 


2,137 


566 


392  2,544 


1,750 


1,026  1,116 


65 
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ORANGE. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Orange 

Water  Works, 


[ParU 

per  100,000.] 

• 

o 
o 

I 

■fe 

I 

• 

Appxasamob. 

Rksiddmon 

EVAPOBA- 
TIOM. 

Ammonia. 

• 

« 

8 

•c 

.00 

NiTKOOEN 

AS 

i 

a 

D 

c 

a 

1 

o 

Sediment 

i 

1 

Lobs  on 
Ignition. 

1 

Albuminoid. 

• 

.    1 

s 

% 

i 

a 

a 

• 

1 

S 

Sos- 
pended. 

s 

s 

1 

a 

16046 

1806. 

Jao. 21 

V.ellght. 

V.  slight. 

.22 

2.76 

0.06 

.0000 

.0042 

.0032 

1 
.0010 

.0070 

.0000 

.28 

0.7 

10087 

Feb. 18 

V.  slight. 

V.  slight 

.02 

2.86 

0.86 

.0000 

.0022 

.0014 

.0008 

.11 

.0060 

.0000 

1 

.06 

0.6 

10267 

Mar.  10 

None. 

Blight. 

.02 

2.00 

0.06 

.0000 

.0018 

.0014 

.0004 

.12 

.0080 

.0000 

.08 

0.0 

16416 

Apr.  14 

Blight. 

Blight. 

.10 

2.60 

0.06 

.0008 

.0034 

.0020 

.0014 

.11 

.0000 

.oooo' 

.20 

0.0 

10044 

May  20 

None. 

Blight. 

.08 

2.96 

0.06 

.0000 

.0020 

.0012 

.0008 

.00 

.0080 

.0000 

i 

.08 

0.8 

10806 

Jane  16 

V.  slight. 

Blight. 

.06 

8.06 

0.60 

.0000 

.0028 

.0018 

.0010 

.08 

.0000 

.0000 

.10 

0.6 

10088 

July  14 

None. 

Blight. 

.10 

3.06 

0.66 

.0000 

.0020 

.0010 

.0004 

.08 

1 

.0000 

.oooo' 

.10 

0.7 

17267 

Aug  19 

None. 

Blight. 

.07 

3.00 

0.00 

.0002 

.0010 

.0014 

.0002 

.08 

.0060 

.0000 

.00 

0.8 

17487 

Sept.lO 

Distinct. 

Slight. 

.10 

3.36 

0.80 

1.0000 

.0030 

.0024 

.0000 

.11 

.0000 

.0000 

.12 

0.8 

17073 

Oct.  20 

None. 

V.  slight. 

.09 

3.20 

0.76 

.0004 

.0030 

.0028 

.0008 

.18 

.0030 

.0000 

.14 

0.0 

17000 

Nov.  18 

V.  slight. 

Slight. 

.02 

2.66 

0.00 

.0004 

.0010 

.0012 

.0004 

.14 

.0060 

.0000 

.00 

1.0 

18114 

Deo.  14 

None. 

Cons., 
brown. 

.02 

2.86 

0.20 

.0000 

.0040 

.0022 

.0024 

'.14 

1 

.0020 

.0000 

.08 

1.2 

Averages  by  Years, 


- 

1804 

- 

- 

.62 

3.08 

1.68 

.0007 

.0171 

.0140  .0026 

.14 

.0028 

.0001 

.61 

0.8 

- 

1806 

- 

- 

.22 

3.00 

1.00 

.0000 

.0103 

.0086  .0018 

.14 

.0047 

.0000 

.82 

0.7 

- 

1890 

- 

- 

.07 

2.80 

0.05 

.0002 

.0027 

.0010  .0008 

.11 

.0080 

.0000 

.11 

0.7 

NoTB  to  analyses  of  1800 :  Odor,  generally  none,  occasionally  vegetable.    In  September  a  fishy  odor 
was  observed.*^— The  samples  were  collected  from  the  reservoir. 


Microscopical  Examinaiion, 

An  insignificant  number  of  organisms  was  found  in  these  samples,  with  the  exception  of  the  sample 
collected  in  September,  in  which  were  found  the  following  organisms :  Infusoria,  Dinobryon  eats,  44; 
UrogUna,  8.    Total,  62. 
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PALMER. 

Water  Supply  or  Palmer  Fire  District,  Palmer.  —  Palmer 

Water  Company. 

Cfiemical  ExamtTuUion  of  Water  from  the  Reservoir  of  the  Palmer  WcUer  Company. 

[P«rU  per  100,000.] 


I 

H 


« 


Appkaiakos. 


1806. 

17080    July  20 

178&2    Sept.  2 


^ 

5 


a 

a 


Diitinot, 
green. 
Slight. 


Cons  , 

brown. 
Cons.. 

earthy. 


S 

6 


.85 
.27 


Rksidub  on 

EVAPORA- 
TIOM. 


& 


G 
O 
3 

§1 


4.00 
4.05 


1.05 
1.05 


Ammonia. 


Albamlnoid. 

• 

1 

• 

1 

S 

S 

si 

h 

H 

fi 

oo 

.0016 
.OOM 


.0078 
.0082 


.0058 
.0068 


.0020 
.0014 


•c 


,11 

.10 


NiTROOSN 
A8 


s 


.0030 
.0080 


^ 


.0000 
.0001 


e 
o 
u 

e 
I 


i 


.23 
.12 


0.0 
l.l 


Odor,  vegetable.-^ The  samples  were  eolleeted  from  the  reservoir. 

Microscopical  Examination. 

No.  17080.  Dlatomaceee,  EpithenUat  2;  Melotlrat  6;  Navicular  5;  Pinnularta,  10;  Spnedra,  1; 
TabellariOt  1.    Miscellaneous,  Zodgktat  60.    ToUl,  84. 

No.  17852.  DlatomacesB,  i^ar<cuto,  2;  Ptnnulariat  1;  Synedra,Z\  Tabellaria,  2.  Infosoria,  ZHn- 
obryotit  186.    Vermes,  Anurea,  1 ;  Polyarthra,  1.    Miscellaneous,  Zodgtoea,  20.    Total,  166. 

Water  Supply  or  Peabody. 

The  organism  Uroglena  appeared  in  the  water  of  Brown's  and 
Spring  ponds  in  the  early  part  of  1896,  giving  the  water  a  disagree- 
able taste  and  odor,  which  was  especially  noticeable  in  Spring  Pond. 
The  water  of  these  ponds  passes  into  a  lower  basin  before  entering 
the  pipe  to  the  town,  but  no  organisms  were  found  in  the  samples 
of  water  collected  from  this  source. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Peabody 
with  reference  to  the  desirability  of  taking  certain  lands  on  the 
watershed  of  the  lower  basin,  in  order  to  protect  the  water  from 
contamination,  may  be  found  on  page  75  of  this  volume. 

Chemical  Examination  of  Water  from  Brown^s  Pondy  Peabody. 

[ParU  per  100,000.] 


ate  of  Collection. 

Apfbabamck. 

j  Rksidub  on 

EVAPOIA- 
TION. 

Ammonu. 

hlorine. 

NiTROOBN 
AS 

1     . 

1 

s 

6 

1 

a 

«2 

s 

§ 
1 

i 

o 

t 
1 

otson 
Ignition. 

i 

Albuminoid. 

• 

1 

1  s 

4« 

i 

a 

• 

1 

• 

1 
1 

i 

s  o. 

itrltes. 

xygen  C< 

• 

1 

9Q 

Q 

H 

00 

o 

H       ^      : 

fa 

H 

« 

« 

1 
> 

K 

«      o 

n 

1806. 

1 

1 

16212 

yar.  9  i  Slight. 

Slight. 

.25 

3.10 

1.00 

.0000 

. 01 '.0  .0188 

.0022 

'.63  1 

.0020 

.0000 

.31 

0.6 

16317 

Mar. 24  |  Distinct. 

Slight. 

.17 

,  3.40 

1.06  : 

.0004 

.0V6Q  .0110 

.0026  .52  1 

1.0100 

.0000 

.27 

1.0 

16M5 

July  8  1  Slight. 

Slight. 

.15 

2.85 

1.00  ; 

.0000 

.01 66. 0140!. 0026  .58 
.010«. 0096  .0010  .56  | 

! 

.0050 

.0000  t  -    !  0.5 

17847 

Nov.lOJV.  slight. 

1 

Slight. 

.08 

!   2.80 

1 

1.20 

.0004 

.0000 

.0000.20     0.5 

1 
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PEABODY. 

Chemical  Examination  of  Water  from  Brovm'*s  Pond,  Peabody  —  Concluded. 

Averages  by  Tears, 

[P«rU  per  100,000.] 


• 

1 

APPKAH4NCK. 

Residue  on 

EVAPOSA- 
TIOM. 

AmiONiA. 

MlTBOGBM 
AS 

• 

1 
1 

1 

s 

• 

a 

Albuminoid. 

a 

D 

6 

O 

1 

• 

«3 

o 

a 

1 

• 

1 

Lots  on 
Ignltlo 

• 

• 

1 

•a 

> 

1 
s 

1 

it 

CO 

i  1 

1 
.45 

• 

1 

• 

1 

i 
1 

. 

1887* 

^ 

. 

.17 

8.00 

1.05 

.0001 

.0100 

. 

. 

. 

. 

. 

• 

18941 

. 

. 

.18 

S.05 

1.20 

.0018  .0164 

.0154 

.0010 

.68 

.0080 

.0000 

.27 

0.0 

. 

1805 

. 

. 

.16 

8.08 

1.13 

.0013  .0167 

.0141 

.0020 

.58 

.0040 

.0000 

.29 

0.0 

" 

1806t 

1 

"• 

~ 

.15 

2.07 

1.07 

.0002  .0140 

1 

.0120 

.0020 

.55 

1 

.0037 

.0000 

.24 

0.0 

*  Jone,  July  and  August.  t  September. 

t  Where  more  than  one  sample  was  ooUeoted  In  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

NoTi  to  analyses  of  1896 :  Odor  of  the  first  two  samples,  distinctly  fishy;  of  the  third,  none;  of  the 
last,  faintly  vegetable. The  samples  were  ooUected  from  the  pond. 


Microscopical  Examination  of  Water  from  Brown^s  Pondy  Peabody, 

[Number  of  organisms  per  cubic  centimeter.] 


1806. 


March, 


March. 


July.      November. 


Day  of  examination,   .       .       .       . 
Number  of  sample,      •       •       •       • 

PLANTS. 
DiatomaceaB 

Asterionella,  .       .       .       «       . 

Oyclotella, 

Synedra, 

Tabellaria 

OyanopliyceaB,  Anabaena,  . 

Aifir»» 

Protococcue, 

Rapbidium. 

Staurogenla, 

ANIMALS. 
InfViBoria 

Dinobryon 

Mallomonas, 

Perldlnlum, 

Trachelomonas,     .       .       .       . 
Uroglena, 

MUcellaneouSt  ZoiSglosa,     . 

Total, 


10 
10212 


25 
16317 


9 
16046 


18 
17847 


74 


86 


« 

35 

0 

0 

3 

1 

3 

0 

5 
0 
0 


0 
0 
0 


25 

4 

9 
6 
6 


20 


47 

22 
18    I 
7 


72 

890 

0 

40 

880 

0 

0 

6 

0 

5 

2 

0 

15 

0 

0 

3 

2 

0 

15 

11 
0 
4 
0 


2 
0 
0 


0 
0 
0 
0 
0 


10 


151 


926 


92 


27 
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PEA.BODY. 

ChemiccU  Examination  of  Water  from  Spring  Pond^  Peabody. 

[Parts  per  100,000.] 


Date  of  Collection. 

Appbabahob. 

Kesiduk  on 

EVAPOBA* 
TION. 

1 
1 

Ammokia. 

a 

1 

ja 
O 

.71 

T 

NlTBOGEN 
A8 

• 

1 

a 
■ 

1 

e 

1 

O 

1 

3 

H 

i 
1 

o 

1 

Loan  on 
Ignition. 

• 

Albuminoid. 

• 

1  ^ 

1 

i 

• 

a 

1 

• 

IS 

> 

1 

Sus- 
pended. 

• 

i 
1 

33 

10211 

Mar.  0 

Decided. 

Slight. 

.05 

1  3.85 

1.05 

1 

.0002 

.0150 

.0104  .0046j 

.0000 

.0000 

.20 

1.0 

16300 

Mar.  24 

Decided. 

V.  slight. 

.03 

,  3.15 

1 

1.10 

.0008 

.0144 

.0072 

.0072 

.64 

.0060 

.0000  .24 

1.0 

10044 

July  8 

DlaUnct. 

Slight. 

.03 

3.55 

1 

0.80 

.0008 

.0150 

.0126 

.0024 

.70 

.0050 

.0000 

- 

1.8 

17848 

Nov.  10 

Slight. 

Slight. 

.08 

3.90 

1.45 

.0012 

1 

.0110 

.0094 

.0016 

.74 

.0000 

1 

.0000 

.15 

1.4 

Averages  by  Years. 


1887* 

1 

- 

- 

.00 

3.91 

1890t 

- 

- 

.00 

1 

4.15 

1891 

- 

- 

.01' 

8.69 

18941 

- 

- 

.02 

8.60 

1    1895 

- 

- 

.03 

4.03 

1806$ 

t 

- 

- 

.03 

3.65 

0.87  j  .0001  .0111 

1.35     .0006  .0174  .0166  .0008 

III 
0.99     .0006  .0123  .0097  .0027 


0.45     .0010.0126.0100 


1.20 
1.11 


.0010.0130.0109 


.0008.0136.0103.0038 


.0026 
.0030 


.63 
.67 
.56 
.64 
.78 
.70 


.0000 
.0150 
.0041 
.0020 
.0013 
.0026 


.0000 
.0000,    - 

.ooooLoo 

ii 
.0000  1.18 


.0000 


I 


.18 


1.8 
1.8 
1.4 
1.7 
1.2 


*  Jane,  Joly  and  August.  f  December.  X  September. 

$  Where  more  than  one  aample  was  collected  in  a  month,  the  mean  analyili  for  that  month  has  been 
used  In  making  the  average. 

NoTB  to  analyses  of  1896 :  Odor  of  the  first  two  samples,  fishy ;  of  the  third,  faintly  vegetable,  be* 

coming  unpleasant  on  heating;  of  the  last,  faintly  vegetable,  disappearing  on  heating. The  samples 

were  collected  from  the  pond. 


Microscopical  Examination  of  Water  Jrom  Spring  Pond,  Peabody, 

[Number  of  organisms  per  cubic  centimeter.] 


1896. 


March,    j    March. 


July. 


November. 


Day  of  examination. 
Number  of  sample, 


PLANTS. 


DlatomaceaB, 

Asterionella, 
Cyclotella, 
Synedra, . 
T^bellaria, 


AlfiTce, 


Protocoecus, 
Baphldlum, 


10 
16211 


25 
16300 


825 

0 

1 

0 
824 


0 
0 


15 

7 
0 
0 
8 


0 
0 


9 
16944 


98 

0 

92 

2 

4 


16 

14 
2 


18 

17848 


108 

68 

0 

22 

16 


8 

0 

8 
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PEABODY. 

Microscopical  Examination  of  Water  from  Spring  Pond,  Peabody  —  Concluded. 

[Namber  of  orgaoisms  per  cubic  centimeter.] 


1S96. 


March. 


March. 


July.      November. 


InfVisoria, . 

Dinobrvon,     . 

TracheloraoDafl, 

Urogleoa, 


ANIMALS. 


840 

300 

0 

40 


880 

740 

0 

00 


0 
0 
0 


10 

8 
2 
0 


Mifceltaneout, 

Acarina,  . 
Zobglcea, . 


.08 

.08 
0 


0 

0 
0 


0 

0 
0 


n 

0 
22 


Total, 


665 


846 


114 


146 


Chemical  Examination  of  Water  from  the  Lower  BasiUj  Peabody  Water  Works, 

[Parts  per  100,000.] 


ate  of  Collection. 

1 

Appbakancb. 

, 

KESIDC£  on 

Evapora- 
tion. 

AXXONIA. 

I 

• 

1 

NiTROOKN 
A8 

• 

a 

s 

urbldlty. 

u 
1 

1 
1 

1 

i 

• 

3 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

m 

c 

1 

• 

1 

a 

t 

1 

i 

s 

3 

us- 
pended. 

1 
• 

• 

i 

c 

9i 

fi 

H 

« 

O 

H 

Cm 

H 

A 

I« 

o 

35    1     7i 

O 

1896. 

( 

1 

I 

16213 

Mar.  9    Slight. 

V.  slight. 

.08 

4.00 

1.30 

.0004 

.0124  .0108 

.0016 

.68 

.0280 

.0001 

.19 

1.4 

16318 

Mar.  24    V.  slight. 

Slight. 

.08 

4.75     1.10  1 

.0000 

.0088!.  0076 

.0012 

.66 

.0280  .0001 

.16 

1.8 

16946 

July   8 '  Slight. 

Slight. 

.03 

5.25 

2.00 

'.0026.0182.01681.0014' 

.80  1 

.0120.0001    - 

1.8 

17849 

Nov.  10,  V.  slight. 

Slight. 

.04  . 

.06  , 

4.85 

1.20 

.0010  .0082  .0070 
.0013  -ftlM-ftlift 

.0012 
.0013 

.76 
.74 

.0450.0003 
.0283  -0009 

.11 
.14 

1.7 

.  -             , 

Av  • ' 

4.82 

1.47 

1.7 

^^ j 

1 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Odor  of  the  first  sample,  distinotlv  fishy;  of  the  second,  none,  becoming  faintly  vegetable  on  heat* 

ing;  of  the  last  two.  distinctly  vegetable. The  samples  were  collected  from  the  basin,  and  represent 

a  mixture  of  the  water  from  Spring  and  Brown's  ponds. 


Microscopical  Examination  oj  Water  from  the  Lower  Basin,  Peabody  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1896. 


March. 


Day  of  examination,     . 
Number  of  sample, 

PLANTS. 
DiatomaceaB,  .... 

Asterionella,   .... 

Cyclotella 

Navicula,         .... 

Synedra. 

Tabellaria,       .... 


51 

12    , 

12 

27     I 


89 

6 

0 

2 

14 

17 


March.         July.     '  Kovemb^, 


8 

0 
2 
1 
0 
0 


13 
17849 


118 
16 

16 

20 

0 
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PEABODY. 

Microscopiccd  Examination  of  Water  from  the  Lower  Basin^  Peabody  Water  Works 

—  Concluded. 

[Number  of  organltmB  per  coblo  centimeter.] 


PLANTS -Con. 


Aier8B> 


Pediastrnro, 
Protococcaa, 


isfte. 

March. 

March. 

July. 

November. 

0 

0 

80 

0 

0 

4 

0 

0 

26 

0 

0 


ANIMALS. 


Infusoria, 


Ciliated  infuaorian, 
Binobryon, 
EuKlena,  . 
MaTlomonaa,    . 
Peridlniam,     . 
Trachelomonaa, 


Vermes.  Anarea, 


Ml9C€Uantou9t 


Acarina, 
Zoogloea, 


98 

0 
90 
1 
2 
1 
4 


115 

0 

2 

0 

110 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

2 

.04 

.04 
0 


0 
0 


.02 

.02 
0 


16 

0 
16 
0 
0 
0 
0 


20 

0 
20 


Total, 


149 


154 


35 


152 


Pembroke. 

Chemical  Examination  of  Water  from  Silver  Lake  in  Pembroke, 

[Parts  per  100,000.] 


Date  of  Collection. 

Appkarancb. 

Rbsidub  on 
Evapora- 
tion. 

1 

Ammomia. 

i 

i 

.62 

NiTROOBM 
AS 

Oxygen  Consamed. 

• 

1 

§ 

1 

1 

1 

Be 

;8) 

• 

s 

Eh 
.0000 

Albuminoid. 

• 

s 

I 

5^ 

• 

0 

• 

.0094 

1 

Sus- 
pended. 

• 

• 
8 

1 

17014 

July  16 

Slight. 

Slight. 

.20 

8.05 

1.05 

.0042 

.0052 

.0000 

.0001 

.24 

0.6 

17015 

July  16 

Slight. 

Slight. 

.15 

3.05 

1.05 

.0006  .0112 

.riOltO 

.0022 

.60 

.0000 

.0000 

.29 

1.0 

17133 

Aag.  5 

V.iUght. 

V.  Blight. 

.07 

3.85 

1.25 

.0008  .0120 

.0098 

.0022 

.62 

i.0060 

.0000 

.25 

0.7 

17134 

Ang.  5 

V.  alight. 

V.  alight. 

.08 

3.75 

1.20 

.0004.0094 

.0078 

.0016 

.56 

.0030 

.0000 

.27 

0.6 

17135 

Aug.  5  ; 

V.  alight. 

V.  alight. 

.08 

3.76 

1.20 

.0002  .0126 

.0004 

.0032 

.56 

.0030 

.0000 

.24 

0.6 

in36 

Aug.  5 

1 

V.  alight. 

Slight. 

.10 

8.85 

0.90 

.0000.0092 

.00:21.0020 

.58 

.0030 

.0000 

.25 

0.6 

Odor  of  the  firat  four  samples,  verv  faint  or  none;  of  the  fifth,  distinctly  grassy  or  mouldy;  of  the 

last,  faintly  vegetable. The  flrat  and  second  samples  were  collected  from  the  central  portion  of  the 

lake,  at  the  sarfaee  and  bottom,  respectively ;  the  third  and  fourth  samples  were  collected  from  the  north- 
erly end  of  the  lake,  at  the  surface  and  bottom,  respectively ;  the  fifth  and  alxth  samples  were  collected 
from  the  southerly  end  of  the  lake,  at  the  surface  and  bottom,  respective! v.  Those  analyaes  were  made 
during  an  investigation  with  reference  to  an  additional  water  aupply  for  the  city  of  Brockton. 
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PEMBROKE. 

Microset^ncal  Examination  of  WfUtrfrom  SUver  Lake  in  Pembroke. 

[Nnmber  ol  argnnlinig  pei  cubic  cenUnwIer.] 


ia»s. 

Julj. 

Jolj. 

AU,. 

A«. 

A.,. 

An*. 

IS 

IS 

« 

« 

« 

6 

KumbecDfunip 

mu 

mis 

niM 

niM 

ITIU 

niM 

PLANTS. 

DUtomacete 

tee 

1 

H 

1U 

H 

IH 

Seir.   :   :   :   :   : 

erntdni 

< 

S3 

1S3 

8 
ID 

'i 

Oyanopbrce«B 

0 

T 

B8 

t 

V 

t 

Aubana, 

UleiocTMl* 

J 

t 

7i 

a 

S 

i 

ISir^r;:    ::::::: 

U 

0 

ANIMALB. 
InfU8orl»,  TlDilDaiaiaai, 

1 

0 

0 

B 

g 

a 

SS^.  ;::::::: 

1 

! 

0 

t 

0 

.« 

B 

g 

a 

,. 

n 

zot^ffl.','   .■:;::::: 

.M 

.w 

.M 

"w 

<: 

304 

ss 

IM 

■« 

»|.„ 
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PEMBROKE. 

Chemical  EzamincUion  of  Water  from  Oldham  Pond  and  Tubbs  Meadow  Brook  in 

Pembroke. 

[Parts  per  100,000.] 


I 

s 


17013 
17182 


o 


18»«. 

July  16 
Aug.  5 


Appsabancb. 


2 

%m 
O 


Distinct. 
V.  slight. 


§ 

a 


a 


Slight. 
V.sllght. 


0.30 
1.00 


Rksiddb  om 

EVAFOBA- 
TION. 


o 


3.75 
5.05 


a 
o 


Be 


1.25 
2.00 


Ahmonia. 


Albamlnold. 

• 

• 

• 

•o 

i 

1 

1 

'I 

s  & 

h 

H 

Q 

00 

0006 
0010 


.0204 
.0106 


.0192  .0012 
.0176.0020 


a 

o 
2 


.65 
:.62 


NiTBOOBN 
AS 


s 

e 


s 


.0000 
.0030 


.0001 
.0000 


s 

o 
e 

a 

a 
«> 

M 

o 


.42 
.83 


I 


0.6 
0.8 


Odor  of  the  first  sample,  none,  becoming  faintly  grassv  on  heating;  of  the  last,  distinctly  vegetable. 
—The  first  sample  was  collected  from  the  centre  of  Oldham  Pond,  near  the  surface;  the  second,  from 
Tubbs  Meadow  Brook,  at  its  entrance  into  Silver  Lake. 

Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  In  these  samples  was  as  follows :  No. 
17013,  51 ;  No.  17132, 28. 

Water  Supply  of  Pittsfield. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Pittsfield 
with  reference  to  taking  an  additional  water  supply  from  certain 
brooks  in  the  vicinity  of  the  city  may  be  found  on  pages  33  to  35  of 
this  volume.  Analyses  of  samples  of  water  collected  from  these 
brooks  and  other  sources  may  be  found  on  pages  277  to  279  of  the 
annual  report  for  1895. 


Chemical  Examination  of  Water  from  Sachet  Brook  Reservoir,  Pittsfield. 

[Parts  per  100,000.] 


s 
o 

i 

« 
'S 


16125 


Feb.  24 


16516  i  May  1 
16866  .June 23 
17305  lAug.26 
17441  ;Oct.  27 
18163  [Dec. 21 


Av. 


Appsabancb. 


2 

2 


e 

a 


a 


Kesiduk  on 

EVAPOBA- 
TION. 


Ammonia. 


o 


S 


None. 

None. 

V.  slight. 

None. 

None. 

None. 


None. 

V.sllght. 

Slight. 

V.sllght. 

Slight. 

Slight. 


.07 
.12 
.12 
.18 
.12 
.02 


.10 


6.30 
5.55 
7.65 
7.60 
6.80 
6.90 


6.80 


Albuminoid. 

• 

> 

•i 

•o 

i 

1 

O 
m 
OS 

-1 

h 

H 

2 

30 

1.00 
1.05 
1.10 
1.45 
1.20 
1.40 


1.20 


.0000 
.0008 
.0006 
.0010 
.0000 
.0006 


,0050 
,0084 
0066 
0128 
0050 
0082 


.0005  .0077 


.0042 
.0066 
.0048 
.0116 
.0044 
.0066 


.0064 


.0008  .06 


o 
s 

o 

6 


.0018 
.0018 
.0012 
.0006 
.0016 


.0013 


.08 
.10 
.07 


NlTBOOEM 
AS 


S 

2 


.0180  .0000 
.0120|.0000 
.00801.0000, 


1 

9 
« 
S 

o 

e 
& 

K 

o 


.0090.0000 


.11     .0070 
.12  I  .0220 


.09 


.0127 


.00001 
.0000' 


.0000; 


.11 
.18 
.12 
.23 
.21 
.11 


.16 


3 

s 

% 

33 


4.0 
4.1 

6.4 
7.0 
5.4 

6.4 


5.7 


Odor  of  the  first  sample,  faintly  earthy,  disappearing  on  heating;  of  the  others,  none.    A  faintly 

fishy  odor  was  developed  in  the  August  sample  on  heating. The  samples  were  collected  from  the 

reaerrolr. 

Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  each  of  these  samples. 
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PITTSFIEIiD. 

Chemical  Examination  of  Water  Jrom  Socket  Brook  in  the  Vicinity  of  the  Pumping 

Station  of  the  Pittsfield  Water  Works. 

[P«rtfl  per  100,000.] 


a 

a 
7\ 


s 

a 


eg 


16122 
16515 
16864 
17820 


1S96. 

Feb.  24 

May  1 
JuDe23 
Aag.31 


Afpkasakck. 


a 

9 

a 


© 


17740  i  Oct.  27 
18162    Deo.  21 


Av. 


None. 
N^one. 
V.  slight. 
V.  tlight. 
None. 
None. 


V.  slight. 
V.  slight. 
Slight. 
Blight. 
V.  slight. 
V.  slight. 


.50 
.05 
.10 
.05 
.07 
.02 


Residua  on 
Evapora- 
tion. 


Ammonia. 


3 


e 
o 


2 


Albuminoid. 

J 

T3 

1 

1 

n 

sl 

&h 

H 

a 

oo 

.13 


8.50 

7.46 

9.80 

11.65 

11.20 

10.20 


0.80 


1.00 
1.80 
1.00 
1.55 
1.80 
1.50 


I*. 0000  .6056.0044 


'.0000.0074 

.0016.0106 

!. 0004'. 0042 

.0006.0064 

I 
.0002.0030 


1.57    '.0005'. 0062 


.0058 
.0096 
.0032 
.0054 
.0024 


.0051 


9 

a 
© 

O 


.0012 
.0016 
.0010 
.0010 
.0010 
.0006 


.0011 


.07 
.10 
.17 
.08 
.11 
.09 


NlTBOOIN 
A8 


t 
t 


•2 
a 

9 

C 
O 

c 

I 

o 


o 

e 


.0270  .OOOr  .07 


.0100 


.12 
.16 


.0000 

.0080.0000 

.0150  .0000'  .07 

.0070.00001.13 

I 
.0200  .0000  >  07 


7.7 

6.6 

8.0 

10.0 

10.6 

10.3 


.10 


.0145. 0000,.  10  I  0.0 


Odor  io  Jane,  distinctly  unpleasant;  in  August,  vegetable  and  mouldy^  at  other  timet,  none. 

The  samples  were  collected  from  the  brook. 

Microscojncal  Examination. 

Ad  insignificant  number  of  organisms  was  found  in  each  of  these  samples. 

Chemical  Examination  of  Water  from  Ashley  Brook  Reservoir^  Pittsfield, 

[Parts  per  100,000.] 


Date  of  Collection. 

Appearance. 

1 

Hksidue  on 
Evapora- 
tion. 

1 

Ammonia. 

Chlorine.                    1 

Nitrogen 

AS 

1^ 

a 

s 
•1 
s 

3 

e 

V 

K 

M   • 

0 

1 

a 

Turbidity. 

Sediment. 

o 
o 

.22 

• 

6.10 

• 

S 

m 

2.10 

'1 

Albuminc 

1 
1        1 

)ld. 

Nitrates. 

Nitrites. 

16123 

1896. 

Feb.  24 

1 
V.  slight. 

Slight. 

1.0012  .0334 

.0290 

t 
.0044  .08 
.0026  .09 

.0220.0000 

1                    1 

;.32 

3.8 

16518 

May    1 

None. 

V.  slight. 

.20  ' 

5.60 

1.35 

'  .0004*. 0092  .0066 

1           1          1 

.0170'. 0000  .27 

3.8 

16868 

June23 

;  None. 

V.  slight. 

.23' 

6.65 

2.00 

.0000  .0088;. 0082. 0006  .08 

I'll' 

.0070  .0001. 36 

4.9 

17304 

Aug.26 

1  Slight. 

V.  slight. 

.20 

1 

7.05 

1.60 

'.0010 

.0180.0130.0050  ,.06 

.0070' .0000  .36 

1                      1 

5.4 

17744 

Oct.  27 

•  None. 

None. 

.15 

7.10 

1.70 

.0004 

.00801. 0074'. OOOo'i.  10 

1                    '1 

.0090. 0000  .30  !  6.8 

1 

18164 

1  Dec.  27 

None. 

V.  slight. 

.02 

'  7.50 

1.50 

.OOOe'.  0058 '.0046'.  0012  1.12 

1       '       1       !       ■ 

.0180  .0000  .10     7.4 

1 

A V ....  

.17 

6.67 

1  1.71 

1 

.0006  .0139  .0115' .0024  .09 

1                    1 

J. 0133  .0000  .28     5.8 

! 

Odor  in  February  and  June,  faintly  vegetable;  in  August,  faintly  graasvand  mouldy;  at  other  timea, 

none. Nos.  16618  and  16^68  were  collected  from  the  brook,  just  above  the  reservoir;  the  others,  from 

the  reservoir.    Water  flows  into  this  reservoir  from  Ashley  Lake,  situated  about  2.5  mile*  farther  up 
the  brook. 

Microscopical  Examination, 

Ao  itisigoificant  number  of  organisms  was  found  io  each  of  these  samples. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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PITTSFIELD. 

Chemical  Examination  of  Water  from  Hathaway  Brook  Reservoir^  Pittsfield. 

[ParU  per  100,000.] 


I 


s, 

I 
I 

O 
«> 


16126 
16517 
16867 
17aa3 
17742 


18»«. 

Feb.  24 

May    1 

June23 
Aag.26 
Oet.  27 


Appkabakoe. 


I 

p 


a 


00 


RK8IDUI  OK 
EVAPORA- 
TIOK.      • 


Ammonia. 


O     I 


18166    Dec.  21 


Ay. 


None. 
None. 
None. 
None. 
None. 
None. 


None. 
V.tUght. 
V.  alight. 
V.  alight, 
y.  slight. 
V.tlight. 


.08 
.04 
.05 
.12 
.03 
.01 


.05 


B 
O 


7.70 
7.00 
9.85 
9.15 
8.70 
9.00 


8.57 


1.40 
1.15 
1.65 
1.50 
1.00 
1.50 


1.87 


Albuminoid. 

% 

^ 

• 

J^ 

•o 

• 

s 

1 

si 

h 

H 

s 

« 

.0014 
.0006 
.0008 
.0004 
.0000 
.0006 


.0006 


.0153 
.0098 
.0052 
.0058 
.0056 
.0102 


.0144 
.0060 
.0050 
.0028 
.0026 
.0092 


.0086  .0067 


.0008 
.0038 
.0002 
.0030 
.0030 
.0010 


.0019 


4 

B 

•c 

o 


.10 
.12 
.10 
.04 
.08 
.14 


.10 


NiTBOQKN 
A8 


Odor,  none.  — —  The  samples  were  collected  from  the  reservoir. 

Microscopical  Ezamtnation, 

An  insignificant  namber  of  organisms  was  found  in  each  of  these  samples. 


.0300 
.0130 
.0130 
.0090 
.0070 
.0250 


.0162 


.0001 
.0000 
.0000 
.0000 


B 
O 

a 

B 

& 

H 
O 


.08 
.10 
.10 
.09 


.OOOtl  .12 


.0000 


.0000 


.08 


.09 


6.6 
6.3 
8.7 
8.5 
8.1 
8.7 

7.8 


Chemical  Examination  of  Water  from  Mill  Brook  Reservoir^  Pittsfield, 

[ParU  per  100,000.] 


Date  of  Collection. 

Appiabamci. 

1 

Rbsiduk  on 

£VAPORA- 
TIOM. 

Ammovia. 

3         Chlorine. 

NiTROOSK 
AS 

Oxygen  Consumed.   1 

Turbidity. 

1 

■J 

s 

1 
1 

Color. 

• 

1 

Loss  on 

Ignition. 

• 

i 

Albuminoid. 

• 

s 

1 

• 

Number. 

• 

3 

■ 

1 

Sus- 
pended. 

• 

1 

5 

16124 

1806. 

Feb.  24 

None. 

y.  slight. 

.02 

5.00 

0.80 

.0000 

.0028 

.0022 

.0006 

.0200 

.0000 

1 
.04 

3.9 

16514 

May  1 

None. 

y.  slight. 

.05 

4.25 

0.80 

.0008 

.0062 

.0046 

.0016 

.09 

.0070 

.0001 

1.12 

8.2 

16865 

June23 

v.  Blight. 

Blight. 

.08 

5.65 

0.85 

.0000 

.0002 

.0050 

.0012 

.11 

.0070 

.0000 

.10 

4.4 

17880 

Aag.81 

None. 

y.  Blight. 

.03 

7.40 

1.15 

.0006 

.0030 

.0022 

.0008 

.08  1 

.0100 

.0000 

.08 

6.2 

17748 

Oct.  27 

None. 

Slight. 

.02 

4.90 

0.70 

.0006 

.0046 

.0030 

.0016 

.08 

.0070 

.0000 

.08 

3.6 

18165 

Deo.  21 

1 

None. 

Slight. 

.01 

.03 

6.50 

0.60 

.0002 
.0004 

.0040 
.0044 

.0030 
.0033 

.0010 
.0011 

•12, 

i 

.09 

1 

.0250 
.0127 

.0000 
.0000 

.06 
.08 

4.9 

Ay 

5.45 

0.82 

4.4 

I 

Odor  in  June,  faintly  vegetable  and  mouldy;  at  other  times,  none. The  samples  were  collected 

from  the  reaervolr. 

Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  each  of  these  samples. 
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plymouth. 

Water  Supply  of  Plymouth. 

The  organisai  Uroglena  appeared  in  the  water  of  Little  South  Pond 
in  the  latter  part  of  1895,  and  was  present  until  late  in  the  spring  of 
1896,  giving  trouble  during  much  of  this  time  on  account  of  the  fishy 
taste  which  it  imparted  to  the  water.  The  advice  of  the  State  Board 
of  Health  to  the  water  commissioners  of  the  town  of  Plymouth  rela- 
tive to  improving  the  quality  of  the  water  supply  of  the  town  may  be 
found  on  pages  35  to  37  of  this  volume. 

Chemical  Examination  of  Water  from  Little  South  Pond^  Plymouth, 

[Parts  per  100,000.] 


Date  of  Collection. 

I 
Appbakahcb. 

Rksid 

EVAP 
TI< 

CEON  1 

OKA- 

)». 

• 

1 

r 

AimoKiA. 

i 
i 

e 

.66 

NiTBOQKK 

AS 

Oxygen  Consumed.   1 

• 

2 

2 
a 

• 

c 

a 
1 

o 
I 

• 

• 

1 

Albuminoid. 

i 

• 

2 

a 

9 

1 

i 
s 

5 

Sus- 
pended. 

f 

33 

15930 

1806. 

Jan.   22 

Slight. 

V.  Slight. 

.01 

2.55 

1.00 

.0000 

.0172 

.0118 

.0054 

.0020 

.0000 

1 
.20 

0.1 

16004 

Feb.     3 

V.  slight. 

Slight. 

.02 

2.70 

1.45 

.0004 

.0220 

.0162*.  0058 

.69 

.0030 

.0000 

.23 

0.1 

160«r> 

Feb.   12 

v.  slight. 

Blight. 

.03 

2.05 

1.00 

.0006 

.0186 

.0120  .0016 

.66 

.0080 

.0000 

.10 

0.0 

16219 

Mar.    9 

V.  slight. 

v.  slight. 

.02 

2.40 

0.75 

.0000 

.0112 

.0100  .0012 

.61 

.0000 

.0000 

.U 

0.2 

16380 
16624 

Apr.    7 
May    19 

Distinct. 
Slight. 

Slight. 

"white. 
Slight. 

.02 
.01 

2.35 
2.15 

1.05 
0.70 

.0010 
.0000 

.0146 
.0114 

.0120 
.0106 

.0026 

.0008 

1 

.64 
.63 

.0000 
.0060 

.0000 
.0000 

.14 
.12 

0.2 
0.0 

16719 

Jane    3 

Slight. 

Slight. 

.03 

2.05 

0.95 

.0000 

.0134 

.0114  .0020 

.64 

.0000 

.0000 

.18 

0.0 

16943 

July     8 , 

Slight. 

Slight. 

.02 

2.30 

0.45 

.0008  .0158 

.0152  .0006 

.62 

.0060 

.0000 

- 

0.0 

17164 

Aag.  11 

V.  slight. 

V.  slight. 

.03 

1 

2.45 

0.40 

.0000  .0148 

.0120  .0028 

.70 

.0000 

.0000 

.15 

0.0 

17871 

Sept.    8 

v.  slight. 

Slight. 

.04 

2.70 

0.85 

.0000  .0180 

1 

.0148 

.0032 

.67 

.0000 

.0000 

.10 

1 

0.0 

17681 

Oct.    20 

V.  slight. 

v.  slight. 

.03 

2.40 

0.70  l'. 0046  .0182 

.0164 

.0018 

.68 

.0080 

.0000 

.12 

0.0 

17819 

Nov.  10 

V.  slight. 

V.  slight. 

.01 

2.60 

0.70 

.0000.0150 

.0184 

.0016 

.68 

.0000 

.0000 

.12 

0.8 

18002 

Dec.    7 

V.  slight. 

V.  slight. 

.01 

1 

2.80 

0.60 

.0002  .0108 

.0096 

.0012 

.70 

.0000 

.0000 

.08 

0.0 

A 

verag 

w  by  Years, 

^ 

1887* 

1 

.00 

1 

2.80 

0.59 

.0004 

.0149 

- 

- 

.64 

1 

.0004 

- 

- 

- 

. 

1888t 

- 

- 

.00 

2.38 

0.58 

.0002 

.0185 

- 

- 

.69 

.0028 

.0000 

- 

- 

• 

1892t 

- 

- 

.00 

2.82 

1.05 

.0009  .0121 

.0096 

.0025 

.63 

.0080 

.0000 

- 

0.1 

» 

1893$ 

. 

- 

.02 

2.30 

0.67 

.0007  .0128 

.0107 

.0021 

.64 

.0060 

.0000 

.09 

0.5 

. 

1894 

- 

- 

.03 

2.89 

0.83 

.0010  .0188 

.0114 

.0024 

.66 

.0008 

.0000 

.12 

0.2 

. 

1896 

. 

- 

.02 

S.36 

0.78 

.0002  .0155 

.0124 

.0031 

.66 

1.0027 

.0000 

.12 

0.8 

- 

189611 

- 

- 

.02 

2.38 

0.78 

'.0006.0148 

.0126  .0022 

.66 

1 

.0016 

.0000 

.13 

0.1 

•  June  to  November.      f  February.  April  and  May.       t  March  to  June.      %  February  and  March. 

J  I  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
In  making  the  average. 
NoTi  to  analyses  of  1896 :  Odor  of  the  first  three  samples,  decidedly  flshy  and  oily :  of  the  other  samples, 
f reqoently  vegetable  and  mouldy  or  grassy,  rarely  none. The  samples  were  collected  from  the  pood. 
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PLYMOUTH, 

Microscopical  Examination  of  Water  from  Little  South  Pond,  Plymouth. 

[Number  of  organlama  per  cubic  centimeter.] 


1806. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aog. 

Sept. 

Oct. 

Nov. 

Dec. 

Dfy  of  examination, 
Number  of  aarople* 

24        4       13       11 
lfi030 16004 1606M6210 

0 
16880 

21 

16624 

4 

16719 

8 
10943 

12        8 
1716417371 

22 
17681 

11 
17810 

8 
18002 

PLANTS. 
DlatomaceaB,  . 

Atterionella,    . 

Cycloteila, 

Synedra,  •       •       •       • 

Tabeliaria, 

Oyanopbyoeao, 

AnabsBua,         ... 
Meriamopedla, 
llierocyatia,     . 

AlfiTSB, 

Protoooccna,    •       . 
Baphldium, 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

15 

15 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 

4 

4 

0 
0 

0 

0 

0 
0 
0 

0 

0 
0( 

t 

•    0 
0 
2 
0 

0 

0 
0 
0 

0 

0 
0 

26 

6 

0 

20 

2 

0 

0 
0 
0 

0 

0 

0 

10 

0 
0 
5 
5 

10 

10 
0 
0 

0 

0 
0 

4 

0 
2 
2 
0 

15 

15 
0 
0 

43 

35 

8 

0 

0 

0 
0 
0 

9 

0 
0 
0 

9 

0 
0 

3 
0 

1 

2 
0 

82 

6 
10 
16 

0 

0 
0 

0 

0 
0 
0 
0 

16 

0 

0 

16 

0 

0 

0 

20 

0 

6 

14 

0 

0 

0 
0 
0 

0 

0 
0 

52 

86 

14 

2 

0 

0 

0 
0 
0 

2 

2 
0 

ANIMALS. 
Infusoria,  .... 

Dinobrron, 
Peridinium, 
Uroglena, .... 

Crustacea,  Oyolopa, 

to 

0 

0 

20 

0 

10 

0 

0 

10 

0 

29 

25 
3 

1 

0 

67 

52 

0 

15 

0 

6 

8 

0 

pr. 

.02 

0 

0 
0 

0 

0 

2 

2 

0 

pr. 

0 

0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

.06 

Mi9C€llaneou9, 

Acanna,   .... 
ZoOglcea,  .... 

0 

0 
0 

0 

0 
0 

0 

0 
0 

.04 

.04 
0 

0 

0 
0 

10 

0 
10 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

5 

0 

5 

0 

0 
0 

0 

0 

0 

Total »0 

10 

44 

71 

t 

10       38        22 

1 

62 

18 

35 

21 

20 

54 
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PLYMOUTH. 

Chemical  Examination  of  Water  from  Oreat  Souths  Boot  and  Lout  Ponds, 

Plymouth. 

[PartB  per  100,000.] 


2 

a 


a 
o 


I 


16005 
16382 
16006 
16007 


1806. 

Feb.  8 

Apr.  7 
Feb.  3 
Feb.  8 


Appbakanck. 


^ 

€ 


s 
« 


35 


BB8IDUB  OK 

EVAPORA- 

TIOK. 


li 


V.  slight. 
Blight. 
V.tUght. 
V.  slight. 


None. 
V.  slight. 
Slight. 
V.sUght. 


.02 
.00 
.03 
.30 


^ 


I 


I 


2.65 
2.10 
8.00 
8.05 


1.40 
0.55 
1.50 
1.75 


Ammonia. 


Albuminoid. 

• 

1 

i 

1 

t 

a 

fa 

H 

P 

oo 

.0006 
.0000 
.0006 
.0056 


.0204 
.0102 
.0172 
.0244 


.0174 
.0076 
.0162 
.0228 


.0030 
.0026 
.0010 

.0016 


a 
r 

o 


.75 
.68 
.72 
.60 


NlTBOOEX 
AS 


•I 


SB 


s 

s 
n 
C 

a 

e 
g 

o 


.0030 
.0030 
.0000 
.0050 


s 

a 

\ 


.0000  .12 


.0000 
.0000 
.0000 


.07 
.16 
.40 


0.0 
0.3 
0.1 
0.0 


Odor  of  the  first  two  samples,  none;  of  the  last  two,  none,  becomlDg  faintly  vegetable  on  heating. 

Nos.  16006  and  16882  were  collected  from  Great  Sooth  Pond,  at  Its  outlet  Into  Little  South  Pood ; 

No.  16006  was  collected  from  Boot  Pond,  100  feet  from  shore;  No.  16007,  from  Lout  Pond,  near  the 
pumping  station. 

Microscopical  Examination, 

An  Insignificant  number  of  organisms  was  found  in  these  samples. 


Chemical  Examination  of  Water  Jrom  Halfway  Pond,  Billington  Sea  and  Ounner's 

Exchange  Pond,  PlymotUh. 

[Parts  per  100,000.] 


s 


6 

S 

I 


o 


Appbabancb. 


16008 
16000 
16381 


18»«. 

Feb.  3 

Feb.  3 
Apr.  7 


t 


a 


Distinct. 
V.  slight. 
Slight. 


Slight, 

green. 
V.  slight. 

V.  slight 


.05 
.25 
.02 


Residue  on 

EVAPORA- 

TIOH. 

• 

c 

o 

*^ 

• 

§1 

i 

S^* 

o 

o 

H 

•3 

1 
2.70 

1.10 

8.85 

2.15 

2.15 

0.00 

Ammonia. 


Albuminoid. 


i 

► 

1 


t 


.0262 
.0014 
.0000 


.0180 
.0184 
.0160 


.0132 


.0148 


.0048 


.0126  .0008 


.0012 


NITBOOBN 

1 

AS 

1 

• 

• 

i 

'1 

1 

1 

1 

.60 

2 

»; 

.0050 

.0000 

.67 

.0070 

.0000 

.60 

.0050 

1 

.0000 

i 

■ 
e 


a 

1 

S 


e 

s 


.16 
.32 


0.1 
0.1 


.11  ,  0.2 


Odor  of  the  first  sample,  none,  becoming  faintly  vegetable  on  heating ;  of  the  last  two,  faintly  vege. 

table,  becoming  stronger  on  heating. The  first  sample  was  collected  from  Halfway  Pond,  at  the 

bridge;  the  second  from  Billington  Sea,  at  the  Ice  house;  and  the  last,  from  Gunner's  1^ change  Pond, 
at  the  northerly  side,  near  the  shore.    These  ponds  are  not  used  as  sQurces  of  public  water  supply. 


Microscopical  Examination. 

No.  16008.  DlatomaoesB,  AtteHonella,  8;  OydoUlla^  72;  3t$to»irat  224;  Synedra,  744.  Algsi,  ZMc- 
tyoaphmrlum,  44;  Staura$trumt  7.  Infusoria,  Dinobryont  12;  PiBridMumt  3.  Crustacea,  Boimina,  .02; 
Cyctopit  .06;  Daphnia,  .06.    Miscellaneous,  Acarinat  .04;  Zodglaa,  120.    Total,  1,234. 

No.  16000.    Infusoria,  Dinobtyon,  8.    Vermes,  Anurntt  1.    Total,  0. 

No.  16381.    Infusoria,  Dinobryont  32.    Crustacea,  Cycloptt  .04.    Total,  32. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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PBOVINCBTOWN. 

Water  Supply  or  Provincetown. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provincetoum  Water 

Works. 

[Parts  per  100,000.J 


• 

APFEASANCK. 

• 

a 

o 

Ammonia. 

NiTEOGEH 

i 

Date  of 

CoUectl 

Besldue  on 
Evaporatl 

1  i 

o 

6 

AS 

i 

o 

• 

• 
S 

• 

a 

• 

1 

a 

• 

1 

Albn- 
miJiold. 

0) 

s 

i 

5z; 

• 

e 
8 

1806. 

15857 

Jan.    8 

Decided, 
floe. 

Oona. 

1.40 

8.90 

.0090 

.0098 

2.26 

.0070 

.0000 

.83 

2.1 

.4400 

15800 

Jan.  18 

Diatinct, 
mUky. 

Slight, 
raaty. 

1.40 

8.00 

.0088 

.0110 

2.25 

.0070 

.0000 

.79 

1.8 

.3900 

10197 

Mar.    5 

Decided, 

Cona.. 
floe. 

1.30 

8.20 

.0092 

.0146 

2.16 

.0070 

.0000 

.70 

1.8 

.6900 

matv. 
Decided, 

10384 

Apr.    9 

Cona., 

1.10 

9.40 

.0070 

.0130 

2.89 

.0020 

.0002 

.73 

2.5 

.4450 

raaty. 

raaty. 

10427 

Apr.  16 

Decided, 
milky. 

Cona., 
raaty. 

1.20 

9.20 

.0074 

.0114 

2.24 

.0070 

.0001 

.76 

1.7 

.6000 

16428 

Apr.  16 

Decided, 
milky. 

Cona., 
raaty. 

1.20 

8.90 

.0002 

.0100 

2.21 

.0080 

.0001 

.72 

1.7 

.4900 

10551 

May     6 

Decided, 
milky. 

SUght. 

1.80 

8.90 

.0068 

.0118 

2.30 

.0070 

.0000 

.74 

1.8 

.4200 

10960 

July    9 

Decided, 
milky. 

Cona.. 
raaty. 

2.00 

9.90 

.0082 

.0112 

2.40 

.0080 

.0000 

.84 

2.7 

.5250 

17809 

Sept.   7 

Decided, 
raaty. 

Heavy, 

raaty. 

1.10 

10.50 

.0056 

.0174 

2.84 

.0030 

.0000 

.70 

2.0 

.5500 

17758 

Oct.  30 

Decided, 
milky. 

Cona^ 
raaty. 

1.10 

8.70 

.0090 

.0108 

2.22 

.0030 

.0001 

.70 

2.1 

.5350 

Averages  by  Years. 


- 

1893 

- 

- 

0.99 

7.65 

.0027 

.0082 

2.08 

.0023 

.0001 

.74 

1.4 

.1340 

- 

1894 

- 

- 

1.09 

7.91 

.0043 

.0090 

2.19 

.0039 

.0000 

.09 

1.7 

.2212 

- 

1895 

- 

- 

1.21 

8.56 

.0074 

.0106 

2.18 

1 

.0043 

.0000 

.77 

2.2 

.3764 

- 

1896* 

- 

- 

1.34 

9.12 

.0080 

.0125 

2.28 

.0058 

.0000 

.75 

2.0 

.5162 

*  Where  more  than  one  aample  waa  oollected  in  a  montli,  the  mean  analyaia  for  that  month  haa  been 
naed  in  making  the  average. 

Nora  to  analyaea  of  1890 :  Odor,  vegetable. The  aamplea  were  collected  from  a  faucet  at  the 

pumping  atation. 

Microscopical  Examination  of  Water  ftom  the  Tubular  Wells  of  the  Provincetown 

Water  Works, 


[Number 

of  organiama  per  cubic  centimeter.] 

1896. 

Jan. 

Jan. 

Mar. 

Apr. 

Apr. 

Apr. 

May. 

July. 

Sept. 

Oct. 

Day  of  examination,     . 
Number  of  aample, 

... 

... 

11 
15857 

15 
15809 

7 
10197 

10 
16884 

17 
16427 

17 
16428 

7 
16551 

0 
10956 

8 
17360 

31 
17753 

PLANTS. 
Toilfirlt  Crenothrix,    . 

... 

4,000 

1,000 

520 

4,800 

6,000 

1,600 

2,400 

2,000 

1,600 

956 
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PBOVINCBTOWN. 

Chemical  Examination  of  Water  from  the  Standpipe  of  the  Provincetown  Water 

Works, 

[ParU  per  100,000.] 


• 

Appbaiamcx. 

1 

• 

e 
o 

Ammonia. 

( 

KiTROOBN 

• 

1 

73 

-£  1 

A8 

a 

a 

• 

Date  of 
CoU 

• 

«2 

e 

1 
1 

1 

§1' 

«  m 
a  >    1 

1 

i 

Alba- 
minold. 

• 

B 

1 

• 

1 

1 

S 

Oxygen 
Cons 

m 
c 

1 

• 

e 

1806. 

16485 

Apr.  17 

Decided. 

Cooa., 
ruaty. 

1.00 

8.20 

.0004 

.0152 

2.21 

.0150 

.0001 

.72 

1.0 

.4100 

1643« 

Apr.  17 

Diatinct. 

Oona., 
ruaty. 

0.05 

8.10 

.0020 

.0140 

2.23 

.0050 

.0001 

.00 

1.7 

.8300 

Odor  of  the  firat  aample,  faintly  Urry;  of  the  laat,  faintly  aweetiah. The  firat  aample  waa  col- 
lected from  the  atandplpe,  before  pumping;  and  the  laat,  from  the  atandpipe,  after  pumping. 


Microscopical  Examination, 


No.  16485.    Fungi,  Crenothrix,  8,000. 
No.  16436.    Fungi,  OrenothriXt  4,000. 


Chemical  Examination  of  Water  from  Faticets  in  Provincetown^  supplied  from  the 

Provincetown  Water  Works, 

[Parte  per  100,000.] 


• 

a 
o 

Appkaranok. 

• 

g 

1 
Ammonia. 

KITBOOEN 

• 

I 

.? 

Aa 

a 

a 

1 

3 

Date  of 
Colli 

• 

■fi 

s 

e 

a 

1 

1 

Reaidne  on 
Evapo] 

• 

i 

Albu- 
minoid. 

Chlorine. 

• 

! 

• 

Si5 

Oxygen 
Cons 

1 

n 

• 

1 

1806. 

1 

1 

- 

15870 

Jan.  18 

Decided, 

Slight. 

1.00 

8.10 

.0010 

.0170 

2.80 

.0100 

.0000 

.71 

1.8 

.8400 

16429 

Apr.  16 

milky. 
Decided, 

milky. 
Deoided, 

ruaty. 
Blight, 
white. 

0.05 

1    8.80 

.0014 

.0110 

2.24 

.0060 

! 

.0001 

.51 

1.6 

.2700 

16480 

Apr.  16 

Blight. 

1.00 

^    8.80 

.0010 

.0102 

2.24 

.0070 

.0001 

.52 

1.6 

.2700 

milky. 

white. 

' 

t 

Odor,  vegetable  or  mouldy.— The  aamplea  were  collected  from  faaoeta  in  the  town. 


Microscopical  Examination, 


No.  15870.  Fungi,  Orenothrix^  192. 
No.  16420.  Fungi,  Crenothrix^  600. 
No.  16480.    Fungi,  Orenothriat,  600. 


No.  84.]     EXAMINATION  OF  WATER  SUPPLIES. 
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QTjiNcrr. 
Water  Supply  op  Quincy. 

ChemiccU  Examination  of  Water  from  Town  Brook  just  above  the  Storage  Reservoir 

of  the  Quincy  Water  Works. 

[Parts  per  100,000.] 


i 


i 


16060 
16188 
16300 
16482 
16661 
16840 
17064 
17168 
17617 

mu 

17087 
182161 


18»«. 

JftD.  27 

Feb.  24 
Mar.  28 
Apr.  27 
May  25 
June  28 
Jaly27 
Aiig.24 
B«pt.21 
Oet.26 
Nov.  28 
Dm.  80 


Appbahakck. 


1 


fi 

I 


6 


SUght. 

SUght. 

Slight. 

SUght. 

Slight. 

V.aUght. 

SUght. 

Blight. 

Slight. 

None. 

V.aUght. 

V.attgbt. 


Slight. 

Slight. 

SUght. 

Slight. 

SUght. 

Gone. 

Oona. 

SUght. 

Slight. 

V.  flight. 

SUght. 

SUght. 


0.47 
0.40 
0.28 
1.15 
1.10 
1.15 
0.60 
0.60 
1.00 
0.95 
0.85 
0.38 


Residue  on 
Evapora- 
tion. 


3 


3 


8.05 

8.60 

2.00 

\  8.00 

I  4.40 

I  4.60 

I  6.00 

4.25 

I  5.70 

I  4.76 

4.40 

8.80 


1.45 
1.00 
1.00 
1.50 
1.85 
1.05 
1.60 
1.10 
8.25 
2.05 
1.45 
1.45 


Ammonia. 


Albuminoid. 

i 

.Q 

► 

J 

1 

t 

'2 
.s 

it 

h 

H 

a 

00 

.0006 
.0002 
.0004 
.0006 
.0002 
.0004 
.0000 
.0006 
.0000 
.0010 
.0008 
.0006 


.0116 
.0114 
.0100 
.0214 
.0202 
.0262 
.0182 
.0114 
.0474 
.0174 
.0146 
.0126 


.0100 
.0100 
.0076 
.0108 
.0186 
.0242 
.0172 
.0104 
.0456 
.0160 
.0180 
.0106 


.0016 
.0014 
.0024 
.0016 
.0016 
.0020 
.0010 
.0010 
.0018 
.0014 
.0016 
.0020 


.51 
.58 
.46 
.44 
.52 
.52 
.66 
.57 
.65 
.71 
.66 
.65 


NiTROOBN 
AS 


8 


s 

9^ 


.0070 
.0060 
.0070 
.0080 
.0000 
.0080 
.0100 
.0060 
.0020 


.0000 
.0001 
.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0001 


.0000  .0000 


.0060 
.0100 


.0001 
.0000 


0.62 
0.44 
0.88 
0.87 
0.71 
1.07 
0.74 
0.86 
1.60 
1.01 
0.64 
0.42 


0.8 
0.8 
0.6 
0.0 
0.6 
0.0 
0.7 

o.e 

1.4 

0.6 
0.6 
0.8 


\ 


Averages  by  Tears. 


• 

1887*  ! 

• 

. 

0.50 

'  5.80 

1.50 

.0000 

.0138 

- 

. 

.65 

.008o|  - 

. 

- 

- 

1888t 

- 

- 

0.45 

8.64 

1.05 

.0001 

.0122 

- 

- 

.54 

.0070  .0008 

- 

- 

- 

1880 

- 

- 

1.21 

4.61 

1.87 

.0018 

.0280 

.0206 

.0086 

.48 

.0078  .0001 

- 

- 

- 

1800 

- 

- 

0.78 

5.22 

2.17 

.0024 

.0187 

.0155 

.0032 

.52 

.0126  .0002 

- 

1.8 

- 

1801 

- 

- 

0.72 

4.22 

1.50 

.0004 

.0156 

.0182 

.0024 

.49 

.0112  .0001 

- 

0.7 

- 

1892 

- 

- 

0.87 

4.57 

1.56 

.0041 

.0101 

.0150 

.0082 

.55 

.0114 

.0001 

- 

0.8 

- 

1898 

- 

- 

0.03 

4.58 

1.81 

.0014 

.0168 

.0140 

.0028 

.57 

.0110 

.0001 

0.79 

0.8 

- 

1804 

- 

- 

0.02 

4.81 

1.62 

.0008 

.0158 

.0184 

.0024 

.68 

.0080 

.0000 

0.64 

0.6 

- 

1895 

- 

- 

0.84 

4.81 

1.78 

.0002 

.0177 

.0152 

.0025 

.59 

.0061 

.0001 

0.64 

0.6 

- 

1896 

- 

0.81 

.  4.27 

1 

1.64 

.0004 

.0185 

.0169 

.0016 

.57 

1 

.0061 

.0000 

0.78 

0.7 

*  October. 


t  November  and  December. 

— >  The  iamplea  were  ooUected  from 


NoTB  to  analyeea  of  1806 :  Odor,  vegetable,  frequently  mouldy 
the  brook,  above  the  reservoir. 


Microscopical  ExamincUion, 

An  inclgnifleant  number  of  organiama  was  found  In  each  of  theae  iamplea. 
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QUINCY. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Quincy  Water 

Works, 

[ParU  per  100,000.] 


Id058 
10183 
16301 
10488 
10082 
10860 
17056 
17200 
17618 
17716 
17038 
1821T 


o 
o 
s 

I 


Si 


1896. 

Jan.  27 

Feb.  24 
Mar.  23 
Apr.  27 
May  25 
June  23 
July  27 
Ang.24 
Sept.21 
Oct.  26 
Nov.  23 
Deo.  80 


Appbakamox. 


^ 
«) 


Rbsidub  on 

EVAPOKA- 
TION. 


6 


SUght. 

SUght. 

DlBtinct. 

Slight. 

Slight. 

Slight. 

DUtlnot. 

Blight. 

Decided. 

Cone. 

SUghU 

Slight. 

Decided. 

SUght. 

Decided. 

Cona. 

Diatinct. 

Oona. 

DisUnot. 

Oona. 

Diatinct. 

SUght. 

Slight. 

SUght. 

.42 


^ 


8.06 


.40  !  8.26 


.80  I  3.55 


.37 
.40 
.47 
.03 


3.20 
8.20 
8.26 
4.10 


.65  I  3.00 
.90  '  4.85 


.75 


.62 


4.70 
4.70 
4.15 


e 
o 


1.55 
0.95 
1.16 
1.10 
1.50 
1.20 
1.60 
1.60 
1.95 
1.70 
1.75 
1.65 


Ammonia. 


Albuminoid. 

• 

i 

1 

1 

1 

si 

k 

H 

o 

00 

.0024 
.0008 
.0080 
.0008 
.0002 
.0000 
.0006 
.0004 
.0008 
.0062 
.0004 
.0096 


.0150 
.0168 
.0124 
.0192 
.0272 
.0200 
.0824 
.0192 
.0338 
.0278 
.0816 
.0204 


.0124 
.0142 
.0100 
.0148 
.0170 
.0174 
.0222 
.0204 
.0228 
.0202 
.0162 
.0142 


.0026 
.0026 
.0024 
.0044 
.0102 
.0026 
.0102 
.0088 
.0110 
.0076 
.0154 
.0062 


NrrBOOBN 

A8 

B 
I 

6 

.62 

• 

1 

5 

.0100 

.0000 

.60 

.0120 

.0001 

.63 

.0120 

.0000 

.60 

.0090 

.0002* 

.60 

.0080 

.0001 

.00 

.0020 

.0000 

.64 

.0080 

.0000 

.62 

.0000 

.0001 

.66 

.0000 

.0001 

.75 

.0020 

.0001 

.74 

.0070 

.0001 

.78 

.0090 

.0000 

s 

9 
m 

I 
I 

K 

o 


i 


.67 
.41 
.86 
.8T 
.20 
.44 
.46 
.52 
.64 
.68 
.00 
.56 


0.0 
0.5 
0.6 
0.6 
0.6 
0.0 
0.6 
0.6 
0.6 
0.7 
O.T 
0.8 


Averages  by  Years, 


1888*  f 

- 

- 

.50 

3.95 

1889 

- 

- 

.91 

3.76 

1890    , 

- 

- 

.70 

4.56 

1891 

- 

- 

.70 

8.97 

1892 

- 

- 

.62 

4.07 

1898    ' 

- 

- 

.56 

8.81 

1894    , 

- 

- 

.67 

4.26 

1895 

- 

- 

.66 

,4.22 

1896 

1 

- 

- 

.57 

1  3.86 

1 

it 
1.13   1.0030 

1.19  ! 1. 0116 

1.76  '1.0085 


1.60 


.0027 


1.41    1.0051 
1.51  I '.0052 

1.71     .0020 

'I 

1.77  IJ.OOOO 
1.47   1.0021 


.0178 
.0803 
.0249 
.0274 
.0287 
.0218 
.0229 
.0801 
.0238 


.0182 
.0238 
.0178 
.0178 
.0175 
.0172 
.0167 
.0187 
.0168 


.0046 
.0065 
.0071 
.0096 
.0062 
.0046 
.0062 
.0114 
.0070 


.68 
.63 
.54 
.50 
.61 
.61 
.67 
.66 
.63 


.0160 

,.0087 

.0166 

.0100 

.0098 

1.0104 

1.0068 

1.0040 

.0002 


.0008 

.0003 

I 
.0002 

.0000 

.0001 

.0001 

.0000 

.0000 

.0001 


.61 
.00 
.60 
.40 


1.4 

0.7 
0.0 
0.8 
0.8 
0.7 
0.7 


*  November  and  December. 


NoTB  to  analyiea  of  1896:  Odor,  dUtlnotly  vegetable;  in  May,  June,  Jnly  and  September,  ilao'dlf> 
agreeable.— —The  aamplee  were  collected  from  the  reservoir. 
For  heighta  of  water  In  thla  reiervolr  see  table  on  page  294. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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QUINCY. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Quincy 

Water  Works. 

[Number  of  organlfinf  per  eublc  centimeter.] 


1896. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June.  {  Jaly. 


Ang. 


Sept. 


Oct. 


Not. 


Dec 


Day  of  examlDation, 
Number  of  sample, 


28 
15958 


25 
16133 


24 


29 


16801i16483 


26 
16662 


23 
16850 


28 
17055 


25 


22 


1720917518 


27 
17715 


25 
17938 


81 
18217 


PLANTS. 

Dlatomaceee,    . 

Afteriooella, 
FragUarla, . 
Meloelra,  .  •  • 
Merldion,  . 
NavlcQla,  . 
Synedra,  . 
Tabellaria, 

AlfiTSB,     .       .       .       . 

Conferva,  .  .       . 

Protocoecua,  .       • 
Raphidlum, 

Bcenedeamaa,  . 

Zo5aporee,  •       • 

Fungrlf  Leptothriz, 


0 
0 
0 
0 
0 
2 
0 


2 
0 
0 
0 
0 


0 
0 
0 
0 

1 
1 

0 


0 
0 
0 
0 
6 


15 

1 

0 
4 
1 
0 
9 
0 


^1 

0 
0 
0 

1 

40 


30 

0 
5 
0 
0 
0 
17 
8 


10 

8 
0 
0 
0 
2 


25 

0 
8 
0 
0 
0 
7 
10 


0 
0 
2 
0 
0 


0 
0 
0 
0 
0 
5 
0 


0 
0 
0 
0 
0 


62 

14 
0 
8 
0 
0 

44 
1 


0 
1 
0 
0 
0 


940!  170 


940 
0 
0 
0 
0 
0 
0 


6 


0 
0 
0 
0 
0 
80 
90 


0 
0 
0 
2 
0 


20 


381 

4 
2 
0 
10 
2 
860 
3 


37 

0 
15 

8 
14 

0 


ANIMALS. 
Bhizopoda,  Actlnophrya,        . 

Inftisoria, 

Codonella, 

Dinobryon,  .... 
MaUomonas,      .... 

Monaa, 

Peridlnlam,       .       .       .       • 
Raphidomonas, 
Tintlnnidinm,    .       .       .       . 
Traohelomonae,        .       .       . 

Vermes,      .      .      .      .      . 

Anarea, 

Aaplanchna,  .  .  .  . 
Rotatorian  ova, .... 
Rotifer, 

Crustacea, 

Bosmina,  .  .  .  .  . 
Cyclopa, 

MUcelianeouSt        .       .       .       . 

Acarina, 

Zo5gioBa, 

Total, 


140 

82 
0 
0 
0 
4 
72 
32 


64 

0 
0 
4 
60 
0 


0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

4 

26 

7 

32 

288 

244 

605 

117 

126 

25 

12 

0 

0 

0 

0 

0 

0 

0 

0 

2 

5 

0 

0 

13 

0 

11 

9 

0 

304 

12 

0 

17 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

4 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

4 

4 

13 

7 

20 

228 

244 

200 

56 

124 

1 

0 

0 

0 

0 

0 

0 

0 

0 

44 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

4 

0 

0 

0 

0 

0 

0 

1 

4 

0 

1 

0 

0 

2 

2 

0 

1 

0 

6 

1 

1 

0 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

3 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

.04 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

.04 

0 
0 
0 

1 

0 

1 

0 


0 

1 

0 
0 
0 


0 


40 

1 

0 
6 
0 
82 
0 
0 
1 


4 
0 
0 
0 


0 
0 


0 

0 

3 

80 

100 

5 

40 

20 

0 

10 

20 

0 

0 

0 

.02 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

3 

80 

100 

5 

40 

20 

0 

10 

20 

0 
6 


52 


8 


36 


68 


152 


367       254 


614 


1,084 


319 


454 


286 
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QUINCY, 

Table  showing  Heights  of  Water  in  the  Storage  Reservoir  of  the  Quincy  Water 

Works  on  the  First  of  Each  Month  in  1896, 

[High-water  mark  ia  80.71  feet  above  olty  baae.] 


Jan. 
Feb 
March  1, 
AprU  1 
May  1 
June    1 


1896. 


Heights 

above  City 

Base. 


Feet 
86.71 


86.71 
86.71 
80.71 
86.71 
85.60 


July  1, 
Aug.  1, 
Sept.  1, 
Oct.  1, 
Nov.  1, 
Dee.  1» 


1806. 


Heights 

above  Ct^ 

Base. 


Feet 
84.45 


82.28 
70.58 
81.48 
83.78 
86.11 


Water  Supply  or  Randolph  and  Holbrook. 

Chemical  Examination  of  Water  from  Great  Fond  in  Randolph  and  Braintree, 

[ParU  per  100,000.] 


i 

a 


16041 
10888 
16728 
17188 
17684 
18015 


a 
o 

1 

« 


1806. 

Feb. 11 

Apr.  8 
Jane  3 
Atig.ll 
Oot  18 
Deo.  8 


Appbasakob. 


a 
H 


«2 

a 


eught. 

clayey. 
Blight. 

Decided. 

Distinct. 

SUght. 

SUgbt. 


SUght. 
Slight. 
Slight. 
BUght. 
SUght. 
SUght. 


a 


.70 
.42 
.55 
.88 
.50 
.65 


Rbsiduk  on 

EVAPOKA> 

TION. 

• 

• 

§1 

i 

3.00 

1.50 

8.80 

1.85 

8.80 

1.65 

4.05 

2.80 

4.80 

1.65 

4.65 

1.75 

Ajocohia. 


Albuminoid. 


i 


■2 

00 


.0018 
.0008 
.0022 
.0024 
.0002 
.0002 


.0250 
.0150 
.0264 
.0252 
.0208 
.0204 


.0224 
.0114 
.0250 
.0214 
.0106 
.0170 


.0026 
.0086 
.0014 
.0088 
.0012 
.0084 


6 

a 


.40 
.46 
.53 
.60 
.50 
.68 


NlTBOOKH 
A8 


i 
I 


.0150 
.0070 
.0080 
.0000 
.0050 
.0080 


S 


.0003 
.0001 
.0001 
.0000 
.0001 
.0001 


s 

a 

B 

8 

c 

k 

M 

o 


.66 
.46 
.54 
.51 
.68 
.67 


i 


0.6 
0.6 
0.7 
0.0 
0.0 
l.t 


Averages  by  Years. 


- 

1802* 

- 

- 

.50 

4.05 

1.75 

.0018 

.0108 

.0156 

.0042 

.57 

.0150 

.0000 

. 

0.0 

- 

1808 

- 

- 

.48 

4.78 

1.84 

.0017 

.0226 

.0176 

.0060 

.58 

.0050 

.0000 

.51 

1.1 

- 

1804 

- 

- 

.47 

4.16 

1.68 

.0004 

.0156 

.0187 

.0010 

.68 

.0020 

.0000 

.45 

1.3 

- 

18051 

- 

- 

.58 

8.75 

1.00 

.0004 

.0100 

.0172 

.0018 

.58 

.0050 

.0000 

.58 

1.4 

- 

1806 

- 

- 

.58 

8.02 

1.70 

.0018 

.0221 

.0105 

.0026 

.54 

.0055 

.0001 

.58 

0.8 

•  Maroh. 


t  July. 


KoTB  to  analyses  of  1806:  Odor,  generaUy  distlnetly  vegetable,  eometimee  mouldy. Noa.  17681 

and  18015  were  ooUeeted  from  a  faueet  In  Holbrook ;  the  remaining  samplee  from  the  pond. 
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BANBOLPH  AND  HOLBBOOK. 

MicroscopiccU  Examination  of  Water  from  Great  Pond  in  Randolph  and  Braintree 

[Number  of  organlimi  per  cable  centimeter.] 


• 

1806. 

Feb. 

Apr. 

Jane. 

Ang. 

Oct. 

Dec. 

Day  of  examination, 

Number  of  sample, 

12 
ie041 

10 
16888 

4 
18728 

18 
17188 

14 
17634 

9 
18016 

PLANTS. 

DlatomaoesB,  .      .      .      . 

BtepbanodlBcnf,     . 

Bynedra, 

Tabellaria,      .       .       .       . 

Oyanophyoeee,  . 

Anab»na,        .       .       .       . 
Merltmopedla,        • 
Mlcrocyetia 

Alfir8B> 

Protoeoccna,   •       .       .       . 
Raphidlum,     .       .       .       . 

ANIMALS. 

Inftisorla 

Codonella,  .  .  .  . 

Dinobryon,  .  .  .  . 

MaUomonae,  .  .  .  . 

Perldlnlnm,  •  .  .  . 


1 

27 

10 

4 

0 

1 

0 

2 

5 

20 

10 
0 
0 

0 
4 
0 

0 

0 

3 

33 

0 
0 
0 

0 
0 
0 

8 
0 
0 

9 

24 

0 

0 

1 

0 

20 

0 
0 

0 

1 

0 
0 

4 
16 

2 

2 
0 
0 

10 

0 

0 

10 

2 

2 

0 


100 

6 

2 

0 

0 

0 

1 

0 

100 

5 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 
0 
0 
0 


4 

4 

0 
0 


0 
0 
0 

0 
0 


0 

0 
0 
0 
0 


MUeellaneauMt  Zo5gloea, 

0 

0 

0 

40 

0 

0 

Total, 

101 

84 

16 

97 

14 

4 

Water  Supply  of  Reading. 

In  July,  1896,  a  mechanical  filter  was  put  in  operation,  through 
which  all  the  water  supplied  to  the  town  is  passed.  Water  from 
the  filter-gallery  is  first  pumped  to  a  tank,  on  entering  which  it  is 
treated  with  milk  of  lime.  As  the  water  passes  through  the  tank,  it 
is  aerated  by  means  of  perforated  nozzles  in  the  bottom  of  the  tank, 
supplied  with  compressed  air.  From  this  aerating  tank  it  passes  to 
the  settling  tank,  receiving  in  its  passage  from  one  tank  to  the  other 
a  solution  of  aluminum  sulphate.  In  the  settling  tank  a  large  por- 
tion of  the  iron  is  precipitated,  and  the  supernatant  liquid  passes 
to  the  filters,  which  consist  of  6  circular  tanks,  8  feet  8  inches  in 
diameter  and  8  feet  deep,  partially  filled  with  sand.  From  the  filters 
water  passes  to  a  small  storage  tank,  from  which  it  is  pumped  to  the 
stand-pipe  and  supplied  to  the  town.  The  filters  are  washed  out 
each  day,  by  reversing  the  current  of  water,  at  the  same  time  agi- 
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READING. 


tating  the  sand.  It  will  be  seen  from  the  tables  of  analyses  which 
follow  that  a  large  proportion  of  the  iron  is  removed,  but  that  the 
hardness  of  the  water  is  greatly  increased  :  — 


Chemical  Examination  oj  Water  from  the  FiUer-gallery  of  the  Reading  Water 

Works, 

[Parte  per  100,000.] 


• 

1 

Apfkabakcb. 

• 

§ 

Ammonia. 

NlTROOKN 
AS 

i 
i 

1 

I? 

1 

• 

1 

• 

■♦J 

5 
S 

OQ 

• 

a 

liesidue  on 
Evaporc 

• 

• 

2 
o 
a 

• 

1 

6 

i 

• 

s 

•c 

2 

0 

si 

o 

• 

« 

w 
o 

1 

• 

c 

1806. 

16864 

Jan.     8 

Decided, 
milky. 

Cons., 
rusty. 

0.401 

.1 

13.20 

.0086 

.0092 

.48 

.0080 

.0001 

.36 

4.7 

.8800 

10014 

Feb.     3 

Decided, 
mUky. 

Oons., 
rusty. 

0.88 

1 

13.70 

.0082 

.0064 

.44 

.0160 

.0000 

.82 

• 

.3360 

16200 

Mar.    6 

Distinct, 
milky. 

Slight, 
rusty. 

0.27 

11.00 

.0082 

.0064 

.48 

.0060 

.0003 

.11 

4.6 

.0000 

16378 

Apr.    8 

V.iUght. 

Slight, 
rusty. 

0.66 

10.10 

.0086 

.0086 

.44 

.0080 

.0001 

.34 

4.3 

.1900 

16662 

May     6 

Distinct, 
milky. 

Slight, 
rusty. 

0.90 

7.80 

.0080 

.0130 

.60 

.0060 

.0000 

.60 

2.6 

.1860 

16731 

Jane    3 

Distinct. 

Cons., 
brown. 

0.80 

1 

9.60 

.0066 

.0130 

.46 

.0030 

.0000 

.71 

8.8 

.2600 

17076 

Jnly  27 

Decided, 

Cons., 

0.40 

9.60 

.0048 

.0076 

.63 

.0060 

.0000 

.34 

3.6 

.0860 

floe. 

rusty. 

1 
1 

17162 

Aag.  10 

Decided. 

Cons. 

0.63 

8.70 

.0048 

.0066 

.64 

.0000 

.0001  1 

.36 

2.6 

.1400 

17287 

Ang.  26 

Decided. 

Cons. 

0.60 

7.40 

.0070 

.0064 

.66 

'.0000 

.0000 

.36 

2.6 

.0060 

17302 

Sept.    8 

Distinct, 
rnsty. 

Cons., 
brown. 

0.60, 

8.60 

.0066 

.0046 

.62 

1 

.0030 

.0000 

1 

.17 

2.6 

.0060 

17626 

Sept.  21 

Decided, 

Heavy, 

0.38 

12.20 

.0084 

.0088 

.66 

.0060    .0000  1 

.82 

8.0    .8880 

rnsty. 

rusty. 

1 

1           » 

1 

i 

17682 

Oct.     6 

Decided, 
floe. 

Cons., 
rusty. 

1.10 

12.20 

.0090 

.0120 

.66 

.0030    .0001 

.41 

4.0 

.3800 

17709 

Oct.    21 

Decided, 

Heavy, 

0.10 

14.90 

.0104 

.0106 

.63 

.0060    .0000 

.49 

6.2 

.6600 

rusty. 

rusty. 

1 

t 

17833 

Nov.  10 

Decided. 

Cons. 

0.60 

16.40 

.0110 

.0098 

.66 

.0060 

.0000 

.48 

6.8 

.6360 

17966 

Nov.  24 

Decided, 

Heavy, 

0.60 

16.10 

.0102 

.0090 

.67 

.0080 

.0001 

.46 

6.0 

.4800 

milky. 

rusty. 

1 

1 

18019 

Dec.    8 

Decided, 
floe. 

Heavy, 
yellow. 

0.40| 

16.70 

.0092 

.0120 

.48 

.0070 

.0001 

.67 

6.3 

1 

.4460 

18167 

Deo.  20 

Decided, 

Cons., 

0.60 

16.00 

.0104 

.0092 

.66 

.0080  1.0000 

.49 

6.0 

.4860 

milky.        rnsty. 

i 

1 

1 

1 

Averages  by  Years. 


1891 

- 

- 

0.13 

1892 

- 

- 

0.44 

1893 

- 

- 

0.64 

1894 

- 

- 

0.45 

1896 

- 

- 

0.61 

1896* 

- 

- 

0.62 

12.96  ||.00l6 
9.26  |.0042 
10.08  .0034 
12.76  I  .0043 
13.88    1.0088 

I  f 

11.60  I  .0080 


.0063 

.43 

.0094 

.0001 

- 

6.1 

.0073 

.64 

.0071 

.0001 

- 

8.4 

.0087 

.66 

.0032 

.0001 

.36 

3.0 

.0107 

.68 

.0029 

.0000 

.86 

6.0 

.0114 

.72 

.0048 

.0000 

.44 

6.6 

.0089 

.61 

1 

.0069 

.0001 

.40 

4.1 

.1261 
.2643 
.2277 
.8606 


*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Note  to  analyses  of  1896:  Odor,  generally  vegetable  or  mouldy,  frequently  none. The  tamplea 

were  oollected  from  a  faucet  at  the  pumping  station. 
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BEABINO. 

Microscopical  ExamiruUion  of  Water  from  the  FiUer-gallery  of  the  Beading 

Water  Works, 

[Number  of  organismi  per  cubic  cenUmeter.] 


1896. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Aug. 

D«y  of  exAminatioD, 

Nomber  of  lample 

9 
15854 

5 
16014 

10 
16200 

9 
16378 

7 
16552 

6 
16781 

80 

17075 

11 

17162 

26 
17287 

PLANTS. 

6,200 

2,000 

12,000 

1,200 

8,200 

17,600 

12,160 

4,800 

14,000 

Microscopical  Examination  of  Water  from  the  Filter-gallery  of  the  Beading 

Water  Works  —  Concluded. 

[Number  of  organisme  per  cubic  centimeter.] 


1806. 

Sept 

Sept. 

Oct. 

Oct 

Not. 

Nor. 

Dec 

Dec. 

Day  of  examination, 

Number  of  sample, .... 

10 
17892 

22 
17526 

8 
17502 

24    i        12 
17709  !    17883 

27 
17956 

9 
18019 

22    • 
18167 

PLANTS. 
Fungri,  Crenothrlx, 

2,560 

20,000 

16,000 

22,000 

16,000 

14,000 

4,800 

9,600 

Chemical  Examination  of  Water  from  Beading  Filter-gallery  after  passing  through 

the  Mechanical  Filter, 

[ParU  per  100,000.] 


a 


16954 
17076 
17158 
17288 
17803 
17627 
17593 
17710 
17834 
17957 
18020 
18168 


Av.». 


9 

I 

m 


APPmUUHOB. 


5> 


^ 

«) 


CO 


a 


1896. 

July  8 
July  27 
Aug.  10 
Aug.  S5 
Sept.  8 
Sept  21 
Oct.  6 
Oct.  21 
Nov.  10 
Nov.  24 
Dee.  8 
Dec.  20 


None. 

None. 

V.  alight. 

None. 

None. 

None. 

V.tUght. 

None. 

None. 

None. 

None. 

None. 


None. 

None. 

None. 

V.  alight. 

V.fUght. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 


.80 
.18 
.80 
.20 
.20 
.10 
.09 
.08 
.10 
.12 
.10 
.10 


.15 


17.40 
16.00 
14.50 
14.20 
13.90 
18.00 
20.40 
24.80 
26.80 
24.60 
20.60 
22.80 


19.42 


Ammonia. 


o 
o 


is 


.0070 
.0058 
.0040 
.0044 
.0030 
.0048 
.0010 
.0026 
.0032 
.0022 
.0016 
.0022 


.0085 


.0068 
.0056 
.U046 
.0056 
.0044 
.0062 
.0086 
.0078 
.0082 
.0082 
.0078 
.0068 


.0067 


.54 
.52 
.56 
.52 
.61 
.55 
.57 
.57 
.54 
.61 
.56 
.57 


.56 


NiTBOOKN 
A8 


s 

s 


« 


.0070 
.0080 
.0000 
.0020 
.0030 
.0040 
.0030 
.0050 
.0050 
.0050 
.0050 
.0100 


.0048 


.0000 
.0000 
.0002 
.0010 
.0018 
.0025 
.0035 
.0060 
.0015 
.0010 
.0010 
.0010 


.0016 


a 

a 

m 

a 

S 

K 
O 


a 

I 

n 


.41 

10.0 

.15 

8.2 

.24 

7.9 

.20 

8.0 

.17 

7.8 

.23 

10.0 

.20 

11.8 

.24 

15.5 

.26 

14.7 

.25 

15.0 

.28 

14.5 

.24 

13.5 

.24 

11.3 

.0060 
.0090 
.0210 
.0030 
.0160 
.0000 
.0100 
.0000 
.0360 
.0010 
.0020 
.0050 

.0091 


*  Where  more  than  one  sample  was  collected  in  a  month  the  mean  analysis  for  that  month  has  been 
used  In  making  the  average. 

Odor,  none.    On  heating,  a  slight  odor  was  developed  in  some  of  the  samples. The  samples 

were  collected  from  the  weir  over  which  the  filtered  water  passes  on  its  entrance  to  the  storage  tank  at 
the  pumping  station. 

Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  some  of  these  samples. 
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reverb  and  winthrop. 
Water  Supply  of  Revere  and  Winthrop  —  Revere  Water 

Company. 

The  advice  of  the  State  Board  of  Health  to  the  Revere  Water 
Compaoy,  relative  to  securing  an  additional  water  supply,  may  be 
found  on  pages  37  to  39  of  this  volume. 

The  wells  of  this  company,  located  at  Revere,  receive  a  large 
amount  of  sea-water,  which  increases  with  the  increased  draft  on  the 
wells  during  the  summer  and  fall,  making  the  water  exceptionally 
hard  and  giving  it  a  saline  taste. 


Chemical  Examination  of  Water  from  the  Wells  of  the  Revere  Water  Company  at 

Revere, 

[ParU  per  100,000.] 


• 

Appbabaxob. 

a   1 
o 

Ammohia. 

NiTBOOKN    1 

• 

1 

1 

A8 

t 

a 

a 

.    1 

1 

a 

Date  of 
Coll 

• 

2 

1 

•i 
1 

1 

Besidue  on 
Evapo 

• 

Albu- 
minoid 

Chlorine. 

\ 

m 

B 

Oxygen 
Com 

• 

1 

•2 

m 

• 

1 

1806. 

1 
1 

16865 

Jan.     8 1 

None. 

None. 

.00 

70.00 

.0004 

.0000 

82.08 

.0060 

.0009 

.06 

26.4 

.0010 

10023 

Feh.    4 

None. 

Nona. 

.00  : 

88.60 

.0000 

.0000 

32.60 

.0760 

.0018 

.10 

40.0 

.0020 

16251 

Mar.  18 

Nona. 

None. 

.00 

86.80 

.0000 

.0008 

31.38 

.0580 

.0015 

.05 

86.5 

.0000 

16426 

Apr.  16 

Nona. 

Nona. 

.00 

76.401 

.0000 

.0010 

24.20 

.0950 

.0050 

.03 

28.6 

.0010 

16606 

May  18  1 

None. 

None. 

.00 

78.00 

.0000 

.0014 

27.12 

.1500 

.0020  < 

.05 

32.0 

.0010 

16727 

June   3 

None. 

None. 

.00 

106.60 

.0002 

.0028 

31.72 

.1500 

.0017 

.07 

40.0 

.0000 

16052 

July    7 

None. 

None. 

.00 

180.80 

.0000 

.0022 

46.60 

.0160 

.0018 

- 

54.6 

.0030 

17148 

Aug.   6  1 

V.ellght, 
nallky. 

None. 

.01 

161.00 

.0000 

.0014 

58.10 

.0170 

.0005 

.11 

47.6 

.0030 

17888 

Sept.   8 

V.  alight, 
milky. 

81igh^ 
white. 

.02 

167.70 

.0004 

.0004 

1  68.72 

.0100 

.0018 

.08 

56.6 

.0010 

17618 

Oct.     8 

Nona. 

Slight. 

.02 

178.80 

.0012 

.0024 

60.10 

.0660 

.0016 

.12 

77.6 

.0140 

17790 

Nov.  '5 

Nona. 

V.  flight. 

.01 

161.80 

.0004 

.0000 

64.50 

.0850 

.0016 

.09 

71.0 

.0090 

17990    Dec.    2 

None. 

Slight. 

.00 

154.20 

.0000 

.0010 

61.44 

.0660 

.0004 

.00 

47.0   .0060 

Averages  by  Years. 


1887* 

. 

. 

.00 

22.17 

.0002 

.0016 

3.37 

.1670 

. 

. 

1888 

. 

• 

.00 

22.69 

.0001 

.0022 

8.49 

.1288 

.0022 

• 

• 

1889t 

. 

. 

.00 

22.72 

.0000 

.0016 

3.28 

.1880 

.0027 

m. 

. 

1890^ 

• 

. 

.00 

— 

.0008 

.0012 

8.39 

.1760 

.0024 

. 

. 

1893 

• 

. 

.00 

60.29 

.0002 

.0019 

13.05 

.0007 

.0019 

.04 

28.0 

1894 

• 

. 

.08 

91.99 

.0004 

.0011 

80.80 

.0068 

.0013 

.06 

41.0 

1896 

. 

. 

.02 

104.73 

.0002 

.0012 

36.84 

.0662 

.0014 

.07 

46.6 

1896 

• 

~ 

.00 

121.30 

.0002 

.0011 

46.21 

.0733 

.0017 

.08 

46.4 

.OQM 
.0210 
.0120 
.00S2 


*  Jane  to  Dacamhar. 


t  January  to  May. 


X  March. 


NoTB  to  analyaaa  of  1896:  Odor,  none.— —The  aamplea  were  coUaotad  from  a  faucet  at  the  pump* 
ing  atation. 

Microscopical  Examination, 

An  inaigniflcant  numhar  of  organiama  waa  found  in  No.  16426;  no  organiama  ware  found  In  tlia 
other  aamplea. 
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REVERE  AND  WINTHROP. 

Chemical  Examinaium  of  Water  from  Tubular  Wells  of  the  Revere  Water  Company 

at  Cliftondale,  Saugus, 

[Part!  per  100,000.] 


Date  of 

CoUcctlon. 

Afpbabahox. 

o 

Ammovia. 

• 

1 

NiTKOOXV 
A8 

Oxygen 

Consumed. 

• 

I 

s 

1 

1 

2 

B 
i 

• 

1 

1 

Albu- 
minoid. 

1 

• 

16864 

18»«. 

Jan.     8 

None. 

V.iUgfat. 

.00 

18.30 

.0002 

.0012 

1.26 

.1860 

.0002 

.01 

6.8 

.0010 

16022 

Feb.     4 

None. 

None. 

.08 

16.00 

.0002 

.0004 

1.22 

.1900 

.0020 

.00 

7.9 

.0080 

16263 

Mar.    9 

None. 

None. 

.00 

14.20 

.0002 

.0010 

1.82 

.1100 

.0006 

.02 

6.0 

.0000 

16426 

Apr.  14 

None. 

None. 

.00 

18.90 

.0000 

.0018 

1.25 

.1500 

.0000 

.02 

6.4 

.0010 

16606 

May  13 

None. 

None. 

.00 

18.90 

.0004 

.0008 

1.27 

.1000 

.0000 

.08 

6.6 

.0000 

16726 

June    8 

None. 

None. 

.00 

18.50 

.0000 

.0016 

1.80 

.1900 

.0002 

.05 

6.7 

.0020 

16B68 

Joly    7 

None. 

None. 

.00 

14.70 

.0000 

.0014 

1.27 

.0600 

.0000 

- 

6.6 

.0020 

17149 

Aug.    5 

None. 

None. 

.00 

18.50 

.0000 

.0000 

1.27 

.1600 

.0000 

.03 

- 

.0006 

17880 

Sept.    8 

None. 

None. 

.02 

16.60 

.0000 

.0004 

1.22 

.0780 

.0000 

.00 

7.1 

.0000 

17617 

Oct.     8 

None. 

None. 

.00 

18.40 

.0002 

.0022 

1.22 

.0660 

.0000 

.08 

7.1 

.0020 

IHM 

Nov.    4 

None. 

None. 

.02 

18.80 

.0006 

.0012 

1.22 

.1200 

.0000 

.03 

6.6 

.0080 

17991 

Dec.    2 

None. 

None. 

.00 

14.20 

.0000 

.0020 

1.34 

.1260 

.0000 

.05 

8.3 

.0060 

Averages  by  Years. 


1891* 

- 

- 

.00 

11.60 

.0018 

.0014 

0.88 

.0100 

.0000 

**      • 

5.8 

1892 

- 

- 

.01 

11.66 

.0000 

.0006 

1.16 

.0123 

.0085 

- 

6.0 

1898 

- 

- 

.00 

12.60 

.0002 

.0010 

1.82 

.0872 

.0079 

.08 

6.4 

1894 

- 

- 

.01 

18.08 

.0000 

.0010 

1.24 

.0706 

.0012 

.03 

6.6 

1896 

- 

- 

.01 

18.62 

.0008 

.0016 

1.18 

.1068 

.0083 

.08 

6.9 

1896 

- 

- 

.01 

14.06 

.0002 

.0012 

1.26 

.1320 

.0002 

.02 

6.9 

.0116 
.0087 
.0058 
.0011 
.0024 


*  September. 

NoTB  to  analyaee  of  1896 :  Odor,  none.  On  heating,  a  faintly  earthy  odor  was  developed  in  the 
October  and  December  aamplea.—— The  samples  were  collected  from  faucets  in  Revere  and  Sangns, 
•applied  wholly  from  the  Sangns  wells. 


Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  sample  No.  16022;  no  organisms  were  fonnd  in 
the  other  samples. 
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REVEKE  AND  WINTHBOP. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Revere, 

[Partf  per  100,000.] 


is 

6 

a 


a 
o 

I 


16297 

16725 

16842 

17864 
17865 

17542 

17543 


1806. 
Mar.   10 

Jane    1 

Jane  10 . 

Sept.  2  1 

Sept.    2  I 

Sept.  21 1 
Sept.  21 , 


APFBABAJKOB. 


I 


s 


i 


Decided, 

clayey. 
Diftlnct, 

clayey. 
Distinct, 

clayey. 
None. 
Decided, 

clayey. 
Decided, 

clayey. 
Decided, 

clayey. 


Cone., 

.02 

earthy. 

Cons., 

.12 

•andy. 

Cons., 

.10 

rusty. 

Slight. 

.00 

Heavy, 

.02 

clayey. 

Heavy. 

.02 

Heavy. 

.03 

4 


6.80 

9.00 

7.30 

16.40 
22.40 

15.40 

17.00 


AXMOMIA. 


Q 


0 

a 


.0000 

.0000 

.0000 

.0000 
.1400 

.1360 

.1828 


.0028 

.0008 

.0002 

.0026 
.0050 

.0054 

.0048 


I 


0.81 

0.42 

0.44 

2.08 
0.50 

0.68 

1.86 


NiTBOOEN 
A8 


I 


.0880 

.0030 

.0030 

.2760 
.0000 

.0000 

.0050 


.0000 

.0000 

.0000 

.0000 
.0000 

.0000 

.0090 


•8 

a 

p 

s 

o 


.04 

.08 

.00 

.02 
.14 

.10 

.14 


e 
& 


2.1 

3.5 

3.1 

8.1 
9.7 

9.1 

10.8 

.0080 

.1400 

.0230 

.0010 
.0600 

.0000 

.0100 


Cdor  of  No.  16842,  faintly  vegetable;  of  the  others,  none. The  first  sample  was  collected  from 

a  tabular  test  well  in  the  valley  of  Crystal  Brook,  near  the  corner  of  Main  and  Howard  streets,  Baagoa; 
the  second  and  third,  from  a  tubular  test  well  near  the  comer  of  Main  Street  and  the  Newbnryport  tarn- 
pike,  In  Saugus ;  the  fourth,  from  a  tabular  test  well  in  rear  of  fire  department  building,  Broadwayf 
Revere ;  the  last  three,  from  a  tubalar  well  near  junction  of  Washington  and  Fenno  streets.  Revere. 
The  samples  were  collected  in  connection  with  an  investigation  for  an  additional  water  supply  for 
Revere. 


No  organisms. 


Microscopical  Examination, 

Water  Supply  of  Rockland. 

(See  Abington») 


Water  Supply  of  Roc^port. 

Chemical  Examination  of  Water  from  Cape  Pond,  Rockport. 


[ParU 

per  100,000.] 

• 

§ 
1 
§ 

Appbarakcb. 

Rksiddb  on 

EVAPOBA- 
TION. 

1 

Ammonia. 

o 

NiTBOOBM 

AS 

6 

a 

1 

• 

a 

o 

1 

1* 

1 

\ 

t 

• 

Lesson 
Ignition. 

Albuminoid. 

1 

• 

i 

• 

t 

^ 

■ 

•a 

• 

1 

s 

a 
S5 

3 

H 

1 

i 

o 
P 

•  S 

oo 

^ 

1 

S 

A 

1806. 

1 

15904 

Jan. 20 

Slight, 

Slight. 

.38    ,12.65 

2.00 

.0004 

.0158 

.0144 

.0014 

6.85 

.0070 

.0001 

.28 

0.0 

milkv. 
Decided. 

16092 

Feb.  17 

Cons., 

•48 

12.40 

3.00 

.0000 

.0214 

.0180 

.0084 

5.89 

.0000 

.0000 

.27 

0.8 

1 

rusty. 

1 

16259 

Mar.  16 

Distinct. 

SllghU 

.33 

111.66 

1.90 

.0000 

.0170 

.0150 

.0020 

5.17 

.0080 

.0000 

.27 

1.3 

16398 

Apr.  13  ;  Distinct. 

Slight. 

.20     10.66 

1.96 

.0004 

.01881.0122 

.0066 

4.80 

.0020 

.0000 

.26 

0.6 

16816 

May  IS    Decided. 

Slight. 

.12  ,  10.80 

1.70 

.0006 

.0268.0128 

.0140 

5.08 

.0030 

.0000 

.19 

1.1 

16823 

June  17    Slight. 

Slight, 

.13  1  10.05 

2.05 

.0004 

.01461.0124 

.0022 

5.10 

.0060 

.0000 

1.18 

0.9 

green. 

1 

16969 

Jaly  13 

Distinct. 

Slight. 

1.30   112.25 

2.05 

.0004 

.0182 

.0138 

.0044 

6.00 

.0000 

.0001 

.20 

1.1 

milky. 

1 

17212 

Aag.17 

>  Slight. 

V.  slight. 

'.28 

11.50 

1.95 

.0062 

.0294 

.0274 

.0020 

4.60 

.0070 

.0002 

|.2« 

0.0 

17519 

Sept.21 

V.  slight. 

V.  slight. 

.86 

. 11.80 

2.40 

.0012 

.0234!  .0182 

.0062 

4.54 

.0170 

.0000 

.28 

0.0 

17666 

Oct.  19 

Distinct. 

Slight. 

.25 

1 11.80 

2.26 

.0000 

.0208  .0164 

.0064 

4.62 

.0000 

.0000 

.26 

1.0 

17868 

Nov.  16 

Distinct, 

Slight. 

.50  1  12.46 

2.40 

.0002 

.0148  .0118 

.0030 

5.00 

.0080 

.0001 

.21 

l.T 

milky. 

18014 

Dec.  8 

Distinct. 

Slight. 

.23 

I 

11.40 

1.70 

.0004 

.0162  .0124 

.0038 

5.00 

.0000 

.0000 

.27     1.1 
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Chemical  ExamincUion  of  WcUerJrom  Cape  Pond,  Rockpori 

Averages  by  Years. 

[ParU  per  100,000.] 


BOCKPOBT. 

Concluded. 


I 

a 
9; 


1894 
1896 
18M 


Appsasahob. 


5 

1 


o 
O 


.22 
.26 
.29 


Rksidck  on 
Evapora- 
tion. 


o 


I 

§1 


12.86 
12.61 
11.67 


1.91 
2.31 
2.11 


Ammonia. 


Albnminold. 

1 

• 

•o 

i 

3 

8 

^1 

o 

*9 

s  a 

h« 

H 

5 

00 

.0001 
.0026 
.0008 


.0226 
.0302 
.0108 


.0163 
.0198 


.0062 
.0104 


.0149  .0049 


e 


6.66 
6.42 
4.97 


Nitrogen 

A8 


I 


5 


.0010 
.0037 
.0039 


.0000 
.0000 
.0000 


a 

a 

a 

o 

0 

g 

M 

o 


.26 
.82 

.24 


1.8 
1.2 
1.0 


NoTX  to  analyiM  of  1896 :  Odor,  generally  diatincUy  vegetable,  oocationally  anpleaaant,  becoming 
■troDger  and  also  aweet  or  grasiy  on  heating.  — —  The  lamplea  were  collected  from  a  laacet  at  the  pump- 
ing station,  with  the  exception  of  No.  16898,  which  was  collected  from  the  pond. 

Microscopical  Examination  of  Water  from  Cape  Pond,  Rockport, 

[Number  of  organisms  per  cubic  centimeter.] 


1806. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept  Oct. 

Not. 

Dec 

Day  of  examination, 

21 

20 

17 

14 

19 

18 

14 

18 

22 

20 

17 

9 

Number  of  sample, .... 

16904 

10092 

10269 

16398 

16616 

16823 

16960  17212  17619 17666 17868  18014 

PLANTS. 

Diatomaoeee 

820 

7,600 

1,504 

1,586 

1,144 

904 

28 

0 

52 

501 

280 

412 

Asterlonella, 
Oydotella, . 
Melosira,    . 
Synedra,    . 
Tabellarta, 

820 
0 
0 
0 
0 

7,600 
0 
0 
0 
0 

1,604 
0 
0 
0 
0 

1,672 
0 
0 
6 
8 

1,144 
0 
0 
0 
0 

904 
0 
0 
0 
0 

27 
1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
62 
0 
0 

280 
1 

220 
0 
0 

144 
0 

120 

0 

16 

32 

12 

868 

0 
0 

OyanophycesB,  Anab»na, 

0 

0 

0 

0 

1,562 

0 

0 

20 

0 

1 

0 

0 

Alfir»t 

0 

0 

80 

0 

6 

888 

10 

17 

412 

628 

812 

568 

Arthrodesmus,  < 

Pediastrum, 

Protococcus, 

Rapbldlum, 

Scenedesmus,    . 

Slaurastmm, 

Btanrogenia, 

Zo<)spore8,. 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
60 

0 
0 
0 
0 
0 
0 
0 
0 

2 
2 
0 
0 
0 
2 
0 
0 

272 

2 

74 

10 

4 
4 
2 
0 

0 
2 
0 
0 
2 
4 
2 
0 

4 
0 
0 
6 
0 
6 
3 
0 

0 

0 

360 

8 

82 

12 

0 

0 

2 
0 

616 
2 

1 
1 
6 
0 

0 
0 
272 
8 
32 
0 
0 
0 

4 

0 

644 

12 

4 
4 
0 
0 

ANIMALS. 

Bhizopoda,  Actlnophrys, . 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria 

1 

19 

1 

54 

2 

101 

0 

84 

4 

0 

4 

8 

Dlnobryon 

Bnglena, 

IConas, 

Perldinium,       .... 
Traehekunonas,        ... 

0 
0 
0 

1 

0 

0 
0 
18 
1 
0 

0 
0 
0 

1 

0 

14 
0 

0 

40 

0 

2 
0 
0 
0 
0 

1 

100 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
2 
82 

0 
0 
0 
0 

4 

0 
0 
0 
0 
0 

0 
0 
0 
0 

4 

0 
0 
0 
8 

a 

Vermes,  Anarea, 

8 

1 

0 

10 

6 

0 

0 

8 

0 

0 

2 

t 

Omstacea, 

.04 

0 

0 

.02 

0 

0 

.02 

0 

0 

.04 

0 

.Of 

Cyclops,    ..... 

Daphnia, 

Nanpllus, 

.04 
0 
0 

0 
0 

•   0 

0 
0 
0 

0 

.02 

0 

0 
0 
0 

0 
0 
0 

.02 
0 
0 

0 
0 
0 

0 
0 
0 

.04 
0 
0 

0 
0 
0 

0 

0 

.08 

MUcellaneouMt  ZoSglma, 

20 

0 

0 

0 

0 

10 

60 

0 

40 

15 

0 

5 

Total, 

844 

7,620 

1,666 

1,664:2,710 

1,883 

98 

74 

608 

1,146 

608 

996 

302 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


SAIiEM  AND  BEVBRLT. 

Water  Supply  op  Salem  and  Beverly. 

The  character  of  the  water  of  Wenham  Lake  has  been  affected 
during  the  years  1895  and  1896  by  the  mixture  with  it  of  water 
from  the  Longham  Meadow  Reservoir,  which  has  a  much  higher 
color  and  contains  more  organic  matter  than  the  water  of  the  lake. 

Chemical  Examination  of  Water  from  Wenhan  Lake^  in  Beverly  and  Wenham. 

[Partfl  per  100,000.] 


d 

Appeaiuncb. 

'  Rbsiduk  cm 

EVAPOBA- 

Ammovia. 

NlTBOOKf 

AS 

1 

'S 

TIOW. 

• 

9 

a 

1 

1 

e 

• 

f 

a 
« 

B 

• 

1 

Losion 
Ignition. 

i 

Albuminoid. 

• 

1 

i 

1 

1 

3 

1 

1 
1 

• 

• 

i 

a 

1 

as 

a 

H 

n 

u 

H 

H 

Q 

00 

y 

^ 

!Q 

o 

S 

1896. 

15878 

Jan.  14 

Slight, 
green. 

Slight, 
green. 

.20 

6.35 

1.65 

.0028 

.0322 

.0156 

.0166 

.78 

.0070 

.0000 

.20 

2.7 

16040 

Feb.  11 

V.aUght. 

Slight. 

.18 

6.50 

2.25 

.0028 

.0170 

.0152 

.0018 

.72 

.0070 

.0002 

.81 

8.9 

16250 

Mar.  13 

V.aUght. 

Slight. 

.12 

6.25 

1.70 

.0012 

.0152 

.0138 

.0014 

.82 

.0170 

j 

.0001 

.26 

2.5 

16870 

Apr.  6 

SUght. 

Slight. 

.15 

6.25 

2.00 

.0008 

.0152 

.0180 

.0022 

.73 

.0100 

.0001 

.27 

2.7 

16588 

May  12 

DlatlDct. 

Slight. 

.15 

6.10 

1.00 

.0004 

.0174 

.0138 

.0036 

.79 

.0030 

.0001 

.30 

2.6 

16767 

JanelO 

Slight. 

Slight. 

.18 

5.70 

1.40 

.0024 

.0208 

.0188 

.0020 

.78 

.0030 

.0001 

.30 

S.6 

16055 

July  8 

Dlttioot, 
green. 

Slight, 
green. 

.18 

6.40 

2.00 

.0000 

.0198 

.0166 

.0032 

.82 

.0050 

.0000 

.87 

2.7 

17175 

Aag.ll 

Decided* 
white. 

SUght. 

.12 

6.10 

1.60 

.0004 

.0470 

.0176 

.0294 

.81 

.0000 

.0001 

.34 

2.7 

17427 

Bept.lO 

Slight. 

Slight. 

.10 

6.95 

2.50 

.0002 

.0186 

.0148 

.0038 

.79 

.0090 

.0001 

.21 

2.7 

17627 

Oct.  12 

Diatinct, 
brown. 

Cons., 
brown. 

.07 

6.55 

1.85 

.0040 

.0194 

.0148 

.0046 

.83 

.0030 

.0001 

.28 

2.7 

17826 

Nov.lO 

Diatlnct. 

Slight, 
green. 

.15 

6.50 

2.10 

.0086 

.0192 

.0162 

.0080 

.88 

.0000 

.0002 

.28 

S.O 

18012 

Dec.  7 

DIatlnct. 

Slight. 

.15 

5.00 

0.90 

.0000 

.0138 

.0116 

.0022 

.84 

.0070 

.0000 

.18 

8.1 

Averages  by  Tears, 


1887* 

- 

- 

.05 

1 
4.73 

0.82 

1888 

- 

- 

.05 

4.67 

0.97 

1889 

- 

- 

.06 

4.23 

1.05 

1890 

- 

- 

.05 

4.57 

0.90 

1801 

- 

- 

.07 

4.70 

1.12 

1892 

- 

- 

.03 

4.85 

1.10 

1803 

- 

- 

.04 

1 

5.49 

1.26 

1894 

- 

- 

.07 

6.69 

1.58 

1895 

- 

- 

.21 

6.75 

1.97 

1896 

- 

- 

.15 

6.30 

1.82 

.0025 
.0020 
.0014 
.0016 
.0006 
.0016 
.0033 
.0080 
.0026 
.0020 


.0135 
.0146 
.0173 
.0154 
.0147 
.0137 
.0130 
.0148 
.0177 


.0188 
.0125 
.0118 
.0108 
.0100 
.0114 
.0146 


.0035 
.0029 


.00341.72 


.72 
.73 
.72 
.74 


.0213  .0152 


.0034 
.0080 
.0034 
.0081 
.0061 


.75 

.n 

.82 
.81 
.80 


.0019     - 

.0058.0001 

.0052.0002 

.0104 

.0125 

.0077 

.0055 

.0023 


.0069 


.0001 
.0000 
.0000 
.0001  .16 


.0001 
.0001 


.14 
.80 


.0053  .0001:  .28 


2.6 
1.0 
2.2 

2.6 
S.O 
8.1 
t.7 


*  Jane  to  December. 

KOTB  to  analysea  of  1896 :  Odor,  generally  dlstlnctW  vegetable,  becoming  somewhat  stronger  and  also 

sweetish  on  heating. Nos.  15878, 16049, 16250, 17627  and  18012  were  collected  from  a  faucet  M  the 

pumping  station;  the  others,  from  the  lake. 

For  monthly  record  of  height  of  water  In  this  lake,  see  page  804. 
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SAIiEM  AND  BEVERLY. 

MicroscopiccU  Examination  of  Water  from  Wenham  Lake^  in  Beverly  and 

Wenham, 

[Nnmb«r  of  orgftnlimi  per  enblc  centimeter.] 


1896. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jnne. 


jQly. 


Aug. 


Sept 


Oct. 


Not. 


Deo* 


Day  of  examinatloDt 
Nnmbor  of  aample, . 


15 
16878 


18 
16049 


14 
16260 


8 
16370 


14 
16588 


12 
16767 


9 
16966 


12 
17175 


11 
17427 


18 
17627 


12 
17826 


9 
18012 


PLANTS. 

DlatomacesB,    .      .      .      . 

AaterionelU,  .  .  .  . 
Cyclotella,  .  .  .  . 
PragUarla,         .... 

ICeloaira, 

BtephaDodiacna,        .       .       • 

Synedra, 

Tabellarla,         .       .       .       . 

OyanophycesB, .      .      .      . 

Anabvna 

CcBioephsBriam, 

Microoystia,       •       •       .       • 

►t 

Ooelaatmin,  .  .  .  . 

Coaaiarliim,  .  .  •  . 

Protococcaa,  .  .  .  . 

Bceoedeamuai  .  •  .  . 

8taaraatnim»  .  •  •  . 

Btanrogenia,  •  .  •  . 

Funfflt  Orenothrix,      . 


466 

978 

463 

836 

1,306 

1i<91 

142 

18 

35 

230 

248 

516 

128 

104 

1,200 

1,200 

84 

0 

8 

86 

166 

882 

0 

0 

0 

0 

12 

0 

1 

0 

0 

0 

0 

0 

0 

2 

14 

0 

0 

6 

48 

92 

88 

66 

12 

7 

0 

0 

6 

62 

0 

0 

164 

128 

10 

44 

0 

0 

0 

4 

2 

12 

9 

14 

84 

5 

2 

18 

11 

4 

12 

26 

64 

24 

0 

88 

80 

0 

14 

128 

0 

0 

0 

0 

.0 

27 

308 

3,922 

80 

0 

0 

0 

0 

0 

0 

24 

160 

8,660 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

148 

272 

60 

0 

10 

0 

1 

6 

16 

8 

262 

10 

82 

2t 

0 

0 

0 

0 

0 

0 

10 

0 

1 

0 

0 

0 

1 

4 

0 

0 

4 

0 

2 

0 

8 

0 

0 

2 

14 

7 

288 

8 

72 

10 

0 

0 

0 

0 

1 

0 

0 

0 

1 

4 

2 

0 

0 

0 

1 

1 

10 

2 

1 

4 

0 

0 

0 

0 

0 

0 

0 

0 

5 

4 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

3,268 

862 
0 
0 


410 

60 
0 
0 


9401    48 


64 
0 
1,912 


12 


12 

2 
288 


0 
0 
0 


0 
0 
0 
0 
0 
0 


ANIMALS. 
InAiBoria,    . 


Oerattnm,  • 

Dinobryon, 

IfaUomonaa, 

ParamsBciam, 

Syoium, 

TraeheiomoDaa, 


Vermes,  Anarea, 


Crustacea,  Daphnia, 


5 

0 

0 

6 

96 

30 

2 

2 

6 

8 

17 

0 

0 

0 

0 

0 

0 

2 

2 

1 

0 

0 

0 

0 

0 

6 

96 

28 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

2 

6 

16 

0 

0 

1 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 
0 
0 
0 
0 
2 


MUcellaneout, 

A  carina, 
ZoSgkBa, 

Total, 


0 

0 

0 

0 

5 

0 

40 

20 

40 

60 

10 

0 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

6 

0 

40 

20 

40 

60 

10 

481 

978 

465 

848 

1,426 

1,866 

764 

3,972 

223 

320 

8,308 

0 
5 


417 
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SAIiEM  ANB  BEVERLY. 

Table  showing  Heights  of  Water  in  Wenham  Lake  on  the  First  of  Each  Month  in 

1896, 

[Note. — High-water  mark  U  30 .17  feet.] 


Jan 
Feb 
March  1 
AprU  1 
May  1 
Jane    1 


DATS. 


1896. 


Height  of 
Water. 


Feet. 
27.87 

28.00 

29.31 

30.29 

29.83 

29.17 


Jnly  1, 
Ang.  1, 
Sept.  1» 
Oct.  1, 
Nov.  1, 
Dec.  1, 


Date. 


1896. 


Height  of 
Water. 


Feet. 
28.17 

27.00 

25.96 

25.67 

25.42 

25.60 


Water  Supply  of  Saugus. 

(See  Lynn,) 


Water  Supply  or  Sharon. 

Chemical  Examination  of  Water  from  the  Well  of  the  Sharon  Water  Works. 

[ParU  per  100,000.] 


i 

a 


a 


17150 


1896. 

Aug.  10 


Appbabanob. 


2 


s 

s 


None. 


None. 


.00 


a 
o 

it 

SH 


I 


10.10 


Ammonia. 


i 


s 

o 
a 

?1 


.0000 


.0004 


.9 

6 


1.10 


KiTBOOEN 

AS 


m 

a 
S 

S 


.2750 


.0000 


"8 
a 

s 
m 
C 

I 

O 


.02 


i 


3.2 


.0060 


NoTB  to  analyelf  of  1896 :  Odor,  none,  becoming  faintly  vegetable  on  heating, 
collected  from  a  fancet  at  the  pnmping  etation,  while  pumping. 


The  eainple 


Microscopical  Examination, 

An  inalgnifleant  number  of  orgaoiame  was  found  in  thla  eample. 


Sheffield. 

The  advice  of  the  State  Board  of  Health  to  the  Sheffield  Water 
Company,  relative  to  taking  water  for  the  supply  of  the  town  of 
Sheffield  from  Iron  Brook,  which  flows  from  Three  Mile  Pond  in 
that  town,  may  be  found  on  pages  39  and  40  of  this  volume. 
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SSEFFIGIiD. 

Chemicai  Examination  of  Water  from  Smith's  and  Clarke's  Springs  in  Sheffield, 

[ParU  per  100.000.] 


• 

0 

Appbarancb. 

Ammokia. 

NlTBOOBN 

t 

? 

A8 

a 

s 

. 

i 

a 

0 

ate  of 
CoU< 

S 

a 
a 

1 

^8. 

S 

2 

Ibu- 
minoid 

4 

1 

c 

1 

B 

1 

1 

1 

i 

*A 

O 

H 

« 

O 

G6 

1 

bi 

< 

o 

V5 

« 

o 

n 

18»«. 

• 

1«M0 

May    9 

None. 

Slight. 

.00 

8.00 

.0000 

.0008 

.12 

.0070 

.0000 

.00 

1.8 

.0010 

16561 

May    9 

i 

V.illght. 

Slight. 

.07 

2.90 

.0012 

.0076 

.18 

.0080 

.0001 

.04 

1.6 

- 

Odor  of  the  first  sample,  none ;  of  the  last,  vegetable. The  first  sample  was  collected  from  Smith's 

Spring,  near  the  junction  of  two  brooks  above  the  road  from  Sheffield  to  Hartsvllle;  the  second,  from 
Clark's  Spring,  a  short  distance  north  of  Smith's  Spring. 


Microscopical  Examination. 

An  insignificant  number  of  organisms  was  fonnd  in  No.  16561 ;  no  organisms  were  foand  In  the  other 
•ample. 


Chemical  Examination  of  Water  from  Iron  Brook  in  Sheffield, 

[Parts  per  100,000.] 


• 

a 
a 

a 

'S 

1 

Appkasakcb. 

Residub  on 

EVAPORA- 
TIOK. 

Ammonia. 

• 

.12 
.18 

NiTROGBK 
AS 

1 

s 

(A 

a 

6 

1 

O 

• 

•3 

B 
1 

i 

6 

H 

Lots  on 
Ignition. 

1 

Albnminotd. 

• 

1 

1 

H 

• 

1 

Sus- 
pended. 

i 

at 

16562 
16568 

18»«. 

May  9 

May  9 

Slight. 
Slight. 

Slight. 
Slight. 

.72 
.70 

7.25 
7.60 

2.15 
2.10 

.0062 
.0020 

.0232 
.0210 

.0230 
.0198 

.0002 
.0012 

.0020 
.0120 

.0001 
.0001 

.68 

.67 

1 

4.T 
4.0 

Odor,  vegetable;  of  the  second  sample,  also  mouldy.^— The  first  sample  was  collected  from  Iron 
Brook,  about  500  feet  below  Three  Mile  Pond ;  the  last,  from  Iron  Brook,  abont  one  mile  below  Three 
MUePond. 


Microscopical  Examination. 

The  total  number  of  organisms  per  onbio  centimeter  fonnd  in  these  samples  was  as  follows :  No. 
16502,184;  No.  16563,  89. 
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SHERBOBN. 


Sherborn, 


Chemical  Examination  of  Water  from  Farm  Pond  in  Sherborn, 

[Paru  per  100,000.] 


Date  of  Collection. 

Appkabakck. 

Kksidue  on 
Evapora- 
tion. 

Ammonia. 

1 

• 

s 

1 

NiTBOOKN 
A8 

Oxygen  Consumed.    1 

Sediment. 

1 

i 

o 

o 

• 

i 

Loss  on 
Ignition. 

• 

1 

Albuminoid. 

• 

2 

• 

1 

B 

'A 

1 

i 

A 

X 

• 

S 

■3 

1896. 

16893 

June  28 

Distinct. 

Slight. 

.06 

'  1.80 

0.70 

.0000 

.0136 

.0128  .0008 

.26 

.0000  .0000' 

.26 

0.0 

17056 

July  27 

Blight, 

Slight. 

.02 

1  1.55 

0.55 

.0000 

.0136 

.0128  .0008 

.26 

.0000  .0000,.  15 

0.0 

I 

white. 

white. 

1 

17057 

July  27 

Slight, 

Slight, 

.06 

1.80 

0.65 

.0000 

.0144 

.0106.0038 

.26 

.0020 

.00001 

11 

0.0 

' 

white. 

white. 

1 

17099 

July  31 

Distinct. 

Slight. 

.03 

1.36 

0.70 

1.0000 

.0124 

.00981.00261 

.26 

.0000 

.0000  .15 

0.0 

17205 

Aug. 15 

V.  slight. 

V.  slight. 

.03 

1  1.65 

0.55 

1.0002 

.0122 

.0106.0016 

.22 

.0000 

.0000  M8 

0.0 

17353 

Sept.  1 

1 

V.  slight. 

V.  slight. 

.02 

2.10 

0.80 

1.0004 

1 

.0174 

.0154  .0020 

.26 

.0000 

1 

.0000,  .15 

1 

0.0 

Odor  of  No.  17205,  none,  becoming  faintly  earthy  on  heating;  of  Nos.  17056  and  17099, decidedly  die. 
agreeable;  of  the  others,  faintly  vegetable. Xo.  17057  was  collected  from  the  pond,  aboat  50  feel  be- 
neath the  surface;  the  remaining  samples  were  collected  from  the  surface  of  the  pond.  The  samples  were 
collected  during  an  investigation  with  reference  to  a  new  water  supply  for  the  Medfleld  Insane  Asylum. 


Microscopical  Examination  of  Water  from  Farm  Pond  in  Sherborn. 

[Number  of  organisms  per  cubic  centimeter.] 


PLANTS. 
Diatomaceee 

Asterlonella 

Byncdra, 

Tabellaria,       .        .        .        . 

Cyanophyceee, 

Anabfena,         .        .        .        . 
Microcystis,     .        .        .        . 

Alflrce, 

Artbrodosmns, 

Conferva,         .  .  .  . 

Protococcas,    .  .  .  . 

Raphidiuro,      •  .  .  . 

Staurustrum,  .  .  .  . 

ANIMALS. 

Infusoria, 

DInobryon,      .        .        .        . 
Perldluium,     .        .       .        . 


1806. 

June. 

Jnlj. 

July. 

Aug. 

Aug. 

Sept. 

Day  of  examination, 

Number  of  sample. 

80 
16693 

28 
17060 

28 
17067 

1 
17099 

17 
172W 

8 
17353 

6S 

64 
1 
0 


72 

0 
72 


0 
0 
0 
0 
0 


42 

0 

0 

42 


0 
0 


2 

0 
0 
0 


4 
2 
0 


0 

7 


80 

0 
0 

0 

80 

0 


M 

0 

0 

60 


0 
8 


1 
0 
0 
0 
0 


40 

0 

0 

40 


0 
2 


18 

10 
0 
2 
6 
1 


10 

0 

0 

10 


V 

13 
8 


1 
0 
1 

7 
0 


18 

10 

4 

8 

1 

0 

0 

4 

0 

0 

18 

10 

0 

9 

1 

0 
0 
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SHERBORN^. 

Microscopical  Examination  of  Water  from  Farm  Pond  in  Skerborn  —  Concluded. 

[N^uraber  of  organlsros  per  cubic  centimeter.] 


isoe. 


Jane. 


July, 


Jnly. 


Aug. 


Aug. 


Sept. 


ANmALS— Con. 
VermeSt  Anurea,      . 


Jii9celtaneou9t 


Acftrina, 
Zoogloea, 


.Of 

.02 
0 


40 

0 
40 


40 

0 
40 


40 

0 
40 


10 

0 
10 


20 

0 
20 


Total, 


166 


00 


137 


103 


71 


60 


Water  Supply  of  Somervillb. 

(See  Boston^  Mystic  Works,) 

Water  Supply  of  Southbridge  —  Southbridge  Water  Sltply 

Company. 

The  works  of  the  Southbridge  Water  Supply  Company  were  en- 
larged in  1894  by  the  construction  of  a  reservoir  on  Hatchet  Brook 
in  the  southerly  part  of  the  town,  from  which  water  is  supplied  to 
the  town  by  gravity.  Much  of  the  soil  and  vegetable  matter  is  said 
to  have  been  removed  from  the  area  covered  with  water.  The  reser- 
voir has  a  watershed  of  3  square  miles,  which  contains  a  very  small 
population. 

Ckemtcal  Examination  of  Water  from  the  Lower  Reservoir  of  the  Southbridge 

Water  Works, 

[Parti  per  100,000.] 


m 

Si 
I 

1 

1                ArPSARAHCK. 

lUSIDUK  UN 
KVAPURA- 
1          TION. 

Ammovia.            1 

NiTBOOEN 
A5 

• 

a 

a 

• 

1 

« 
c 

4) 

£ 

1 

i 

.18 
.20 

• 

• 

£ 

Albuminoid,     t, 

• 

m 
m 

h 

.0030 
.0030 

1 

= 

•: 
a 

B 

• 

3 

1 

► 

o 

m 
• 

5 

1    i 
'I  ^ 

so.       JS 

£  1    c 

S          so 

S     1       M 

1 

4 

9 

* 

16403 
17166 

Apr.  14 
Aug.ll 

DIfltlnet. 
i  Slight. 

1 

SligbU 

C0D8. 

2»20 
3.25 

0.80 
l.SO 

.0000 
.0010 

.0138 
.0220 

1 

1 

.0116  .0022  ,16 
.0166.0064  .13 

1          i 

1 

.0000  .26 
.0000  .42 

1.3 

1.3 

Odor  of  the  first  umple,  none,  becoming  distinctly  vegetable  and  sweetish  on  heating;  of  the  last, 

distinctly  vegetable. 'rhe  first  sample  was  collected  from  the  reservoir,  and  the  other  from  a  faucet 

on  Main  Street  supplied  with  water  from  this  reservoir. 

Microscopical  Examination, 

No.  16403.  Dlatomace»,  jrWo«<ra,  10;  XaviculOt  0;  5yn«cfra.  26;  Tabeltnria,  l\.  Algae,  Ra- 
phtdhtrHt  6.  RhUopoda,  Actinophry»t  1.  Infusoria,  Dinobryont  9;  Peridiniumt  27.  Vermes,  Anurea^ 
23.    Total,  123. 

No.  17 160.  Diatomace»,  Tabellarta,  1.  Algie,  Oonfenm^  2 ;  Sph^rotosma,  1.  Infusoria,  Dinohryon, 
8;  PerMthtuntt  W,  TMcketomonaSt  2.    Vermes,  Anurea^  1.    Mlsoullaneous,  ZooglMi,  6U.     i'uial,  Ho. 
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SOUTHBBIDOE. 

Chemical  Examination  of  Water  from  the  Hatchet  Brook  Reservoir  of  the  South- 

(yridge  Water  Works, 

[ParU  per  100.000.] 


• 

§ 
1 

1 
'5 
5 

Appeabahcb. 

KK8IDUB  OM 
EVAPOKA- 

Tiojr. 

Ammoioa. 

• 

e 
1 

g 

.10 
.16 
.16 
.10 
.27 
.24 

.10 

KITBOOBIT 
A8 

• 

a 
S 

B 

s 

s 

• 

a 

«i 

• 

1 

1 

• 

§ 

r 

i 

Albuminoid. 

i 
1 

S 

• 

• 

3 

• 

s 

;3 

• 

1 
si 

GO 

i 

0 
1 

16058 
17278 
17446 
17637 
17822 
18018 

189«. 

Feb.  11 

Ang.24 
Sept.l5 
Oct.  13 
Nov.  10 
Dec.  8 

V.aUght. 

Distinct. 

Decided. 

green. 

V.  slight. 

Slight. 

|V.  slight. 

Slight. 

Slight. 

Slight, 

green. 
Slight. 

Slight. 

V.  slight. 

0.88 
0.70 
0.76 
1.00 
0.90 
0.70 

0.74 

8.85 
4.10 
8.60 
4.76 
4.90 
4.80 

1.26 
2.85 
1.90 
2.85 
2.60 
1.90  I 

.0044 
.0000 
.0056 
.0154 
.0044 
.0004 

.0050 

.0140 
.0846 
.0346 
.0348 
.0840 
.0226 

.0201 

.0124 
.0310 
.0286 
.0826 
.0820 
.0166 

.0255 

.0016 
.0086 
.0060 
.0022 
.0020 
.0060 

.0086 

.0020 
.0000 

.0070 
.0070 
.0070 
.0080 

.0043 

.0003 
.0000 
.0000 
.0002 
.0002 
.0002, 

.0001 

0.50 
0.86 

l.OS 
1.02 
0.78 

0.8 
0.6 
0.9 
1.3 
1.2 
0.8 

At.. 

4.17 

2.04 

1 

0.84 

1 

0.0 

Odor,  vegetsble,  sometimes  none. The  samples  were  collected  from  the  reservoir. 


Microscopical  Examination  of  Water  from  the  Hatchet  Brook  Reservoir  of  the 

Souihbridge  Water  Works, 

[Nnmber  of  organisms  per  cnblc  centimeter.] 


189«. 


reb. 


Aug. 


Sept 


Oct. 


Nor. 


Day  of  examination,     .       . 
Nnmber  of  sample,       . 

PLANTS. 
DiatomaceeB, .      .      .      . 

ABterionella,  .  .  .  . 
Cyciotella,  .  .  .  . 
Meridion,         .        .        .        . 

Synedra, 

Tabellaria,      .       .       .        . 

Alffes, 

Protococcns,  .  .  .  . 
Kaphtdium,  .  .  .  . 
Bcenedesmus, .  •  .  . 
Zoo«pores 

ANIMALS. 
Infusoria, 

Cllinted  Infnsorlan, 

Eugleoa 

Monas. 

Perldinlum,     .       •       .       . 

Phaont, 

Trachelomonas,      .       . 


13 
16058 


25 
17278 


15 

17446 


14 
17687 


11 
17822 


86 

7 

m 

81 

0 

0 

0 

0 

6 

2 

0 

0 

1 

7 

116 

2 

0 

0 

1 

4 

199 

0 

4 

141 

1 

0 

54 

0 

0 

4 

0 

0 

0 

4 

0 

0 

1 
1 

8 

9 

0 
0 
0 
0 


t 

0 
0 
0 
8 
0 

9 

0 
0 
0 
0 


Dec 


9 
18018 


19 

0 
0 
0 
16 
0 

It 

0 

• 

0 

12 


9 

9 

9 

0 

1 

0 

0 

1 

0 

0 

8 

0 

0 

0 

0 

0 

1 

0 

0 

2 

6 

9 

0 
0 
0 
0 
0 
0 


9 

0 
0 
0 
0 
0 
0 


t 

0 
0 
0 

s 

0 
0 
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SOUTHBRIDGE. 

Microscopical  ExamincUion  of  Water  from  the  Hatchet  Brook  Reservoir  of  the 

Southbridge  Water  TTorAjs  — Concluded. 

[Number  of  organiema  per  enbic  centimeter.] 


1890. 

Feb. 

Aug. 

Sept 

Oet. 

Nov. 

Dec. 

ANIMALS  — Con. 
Vermes,  Aaplanehxia, 

Crustacea,  Daphnla 

0 
0 

1 
0 

0 
0 

0 
.02 

0 
0 

0 
0 

JIl9cellane&u9t  Zobglosa 

0 

0 

60 

0 

0 

0 

Total, 

S7 

20 

887 

4 

8 

80 

Chemical  Examination  of  Water  from  Hatchet  Pond,  in  Woodstock,  Connecticut, 

[Parta  per  100,000.] 


• 

B 
P 

a 

Appkabakcb. 

Krsidck  on 

EVAPURA- 
TIOM. 

AXMOStU. 

1 

• 

• 
1 

NiTROOBM 
A8 

xygen  Consumed.    1 

• 

t 
1 

• 

1 

• 

• 

1 

Loss  on 
Ignition. 

i 

Albnminuid. 

itrates. 

s 

1 

1 

i 

i 

ao 

us- 
pended 

• 

m 

3 

% 

o 

H 

2 

u 

H 

x, 

t* 

2 

X 

;  « 
1 

K 

% 

O 

83 

1S9«. 

1727© 

Aug.24 

V.  slight. 

Slight. 

.04 

2.40 

1.15 

.0004 

.0102 

.0142 

.0020  .18 

.0020 

.0000 

.24 

0.8 

Odor,  faintly  mouldy,  beoomiog  faintly  vegetable  on  heating.— —The  aample  waa  collected  from 
the  pond,  near  ita  outlet.  The  pond  la  at  the  head  of  Hatohet  Brook,  on  which  the  atorage  reservoir  of 
the  Southbridge  Water  Supply  Company  is  located. 

Microscopical  Examination. 

An  insignificant  number  of  organisms  waa  found  in  thia  aample. 

Chemical  Examination  of  Water  from  Olover  Spring,  Southbridge, 

[ParU  per  100,000] 


• 

B 

o 

Appbabancb. 

• 

8 
O 

Ammonia. 

NlTBOOBN 

• 

1 

J 
i 

Residue  on 
EvaporatI 

AS 

a 

• 

is 

s 

a 

1 

• 

1 

S 
§ 
1 

i 

Ibn- 
minold. 

1 

J3 

• 

m 

1 

• 

J 

M 

8 

1 

1 

m 

e 

H 

(» 

o 

h. 

< 

o 

as 

SQ 

o 

n 

1906. 

16747 

June    0 

I  None. 

! 

None. 

.02 

6.10 

.0000 

.0040 

.18 

.0070 

.0000 

.00 

8.1 

.0050 

Odor,  none,  becoming  faintly  mouldy  on  heating. The  aample  was  collected  from  a  faucet  in 

Southbridge  supplied  with  water  from  Glover  Spring.    This  spring  is  used  aa  a  source  of  supply  for 
several  femilies. 

Microscopical  Examination, 

No  organisms. 
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Water  Supply  of  SpBiKGFiELD. 
Water  from  the  Ludlow  Reservoir  was  used  for  the  supply  of  the 
city  uDtll  July,  1896,  at  which  time  the  taste  and  odor  of  the  water 
became  so  objectiooable  that  its  use  was  discontiaued.  Water  was 
pumped  from  Chapio  Pond  from  July  7  until  Sept,  7,  1896,  Dur- 
ing an  investigation  by  the  Board  relative  to  the  best  method  of 
)>reveDtiDg  the  occurrence  of  tastes  and  odors  in  the  water  of  Ludlow 
reservoir,  frequent  samples  of  water  from  various  sources  in  the 
vicinity  were  analyzed.  The  results  of  the  analyses  are  given  in  the 
tables  which  follow. 


Chemical  Examination  of  Water  from  the  Canal  which  conveys  Water  from  Jabish, 
Axe  Factory  and  Broad  Brooks  to  the  Beceiving  Basin  of  the  Springfield  Water 
Works,  at  Ludlow. 

Ii-uupsrioa.ooa.] 


„„o... 

1 

i 

^ 

1 

1«M  1  Ju"'e  1  DecWed. '  Sllgbt. 
ITKM    July28|V.ill(hl.  Sllglil. 

iTnO|Aug.ii!|Siigh..    |SitBbi. 

ITSOS  |Aug.2«  lIMiIlDcl.    Coog. 
liaeelsept.  S,  DLllnct,    Con.. 
17S2S  !8epl,ai!iDl.lLdM.    Slight. 
17flW  lool.    jliSllgM.      liSllght. 

i-ew  on.  21  'l  Slight.    '  cou. 

nsil    Nov.  >  i  Slight.      .Sllgbl. 
17939    Nov.21 ':  Slight.     ■SJIghl. 
18021  iD«.  8  IV.illght. 'slight. 
Wm  .Dte.srieilghl.      Sllgbt. 

IS 

28 

67 
70 

«> 
40 
40 

06 

•a 

8i 
3i 

70 
10 

ao 

60 

OS 
10 

.0014  .0134 

.m.m 

oiso' 

0238 

™. 

0090 

0030 
OOK 

■ 

.11 

.0«i.|.0»«> 

:ZC 

.OMo'.oooa 

,0000.0000 
.0010.0000 

.oom'.oooi 

1 

■"1° 

-•i jl 

" 

■ 

» 

.»,;..» 

was 

.1. 

.0027 

.^_ 

making  th<  ■retaga. 


cs  lato  Ibe  reoelvli 


'ri>qufDlIy  BiODldy. Tba  HUUplog 


ulyils  for  Ihit  mODlh  hi 


{led  troiD  tfas  ouil,  ■ 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  the  Canal  which  conveys  Water  from 
Jabishy  Axe  Factory  and  Broad  Brooks  to  Uie  Receiving  Basin  of  the  Spring- 
field Water  Works^  at  Ludlotv, 

[Number  of  organlama  per  cable  centimeter.] 


1806. 


July.i  Jaly. 


Ang. 


Aug.   Sept 


Sept. 


Oct. 


Oct. 


Nov 


Nov.  Dec 


Dec. 


Day  of  examinatioQ, 
Namber  of  aample, 


8 


30 


1693217080 


13 
17179 


27 


9 


22 


17308  17396  17528 


9 
17604 


23 
17699 


11 


24 


1781117939 


10 


26 


1802118196 


PLANTS. 
DiatomaceaB,    . 

Aaterlonella,      . 
Cocconeia, . 
Cyrobelia,  •       • 
IMatoma,    . 
Eplthemia, 
Fragilaria, . 
Meloalra,    . 
MeridiOD,   . 
Navicala,    . 
Plooalarla, 
Surirella,    . 
Synedra,     . 
Tabellarla, 


Cyanophyceesi 


ADabffina,  . 
C(BloaphaBrium, 


Alg»> 


Pediantrum, 

Protococcua, 

BcenedeamuB, 

StauraatruQi, 

Btaurogenla, 


ANIMALS. 
Infusoria,   . 


EuKleoo,  .  . 
PeridiDium,  . 
TracbelomoDaa, 


Vermes, 


Anurca, 
Rotifer. 


Crustacea. 


Daphoia,    . 
BotomoetracaD  ova,  . 


Mi9ceUaneou»t  Zodgloea, 


218 

140 

208 

76 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

34 

0 

0 

9 

8 

0 

0 

0 

0 

1 

20 

0 

0 

2 

0 

2 

0 

0 

0 

9 

60 

1 

0 

0 

18 

0 

0 

0 

2 

8 

40 

2 
0 
0 


0 
0 


0 
2 
0 


0 
0 


0 
0 


0 
0 


72 

0 

0 

0 

0 

0 

42 

12 

0 

4 

2 

0 

12 

0 


596 

16 
0 
0 
0 
0 
0 
80 
0 
0 
0 
0 
600 
0 


0 

144 

0 
0 

44 
100 

2 

2,892 

0 
0 
0 
2 
0 

80 
1,600 
1,200 

12 
0 

0 
0 
0 


0 
0 


0 
0 


0 
0 
4 


16 

4 

12 


.16 

.14 
.02 


26 

4 
0 
1 
6 
0 
0 
2 
0 
5 
1 
0 
4 
4 


0 
0 


0 
0 
0. 
0 

1 


116 

126 

104 

0 

0 

0 

0 

4 

4 

0 

4 

4 

8 

0 

0 

12 

0 

0 

0 

0 

0 

0 

8 

80 

12 

10 

0 

82 

8 

4 

0 

0 

0 

4 

0 

4 

48 

92 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

0 

0 

0 

0 

0 

0 

0 

2 

4 

0 

0 

0 

0 

0 

0 

72 

0 
0 
2 
0 
0 

10 

20 
2 

22 
4 
0 

10 
2 


16  I    31 


0 

0  I 
0  , 

0  I 

0 
0 
0 
0 
4 
0 
0 
10 
2 


0 
0 
6 
0 
0 
0 
0 
0 
4 
1 
4 
14 
2 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 


0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 


0 

u 

0 


0 

0 


0 

0 


0 
0 


0 
0 

1 


0 
0 


0 
0 


0 
0 
0 


0 

0 


0 
0 


0 
0 


0 
0 
0 


0 
0 


0 

u 
0 


0 
0 


0 
0 


0 
0 


•  • 


40 


120      100 


40 

I 


20 


60 


40 


80 


22 

0 
0 
0 
0 
0 
0 
0 
8 
4 
0 
0 
10 
0 


0 
0 


0 
0 
0 
0 
0 


0 
u 
0 


0 
0 


0 
0 


80 


Total, 


236 


242 


194  ,3.762 


67 


136 


188 


109 


112 


16 


61 


102 


'* 
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SPRINGFIELD. 

Chemical  Examination  of  Water  from  the  Receiving  Basin  of  the  Springfield  Water 

Works,  at  Ludlow, 

[Parts  per  100,000.] 


• 

g 

a 

i 

s 
i 

Appeabavob. 

Rksidub  on 

;     EVAPOBA- 
1          TIOll. 

Ammovia. 

NITBOOBN 
AS 

Oxygen  Consamed.    1 

1 

s 

§ 
1 

5 

• 

• 

§ 

5 

1 

Albominoid. 

J 

• 

« 

1 

9 
>5 

• 

1 

C     ,   00        1 

• 

« 
c 

i 

6 

.18  j 

• 

3 

a 

1 

a 

16872 

Jan.  13 

1 
V.  slight. 

V.sUght. 

.35 

\  8.85 

1.05 

.0008 

.0104 

.0066 

.0018' 

.0180 

1 

.0000 '.39 

1 

16029 
16218 

Feb. 10 
Mar.  9 

Slight, 

clayey. 
Slighu 

Slight. 
Slight. 

.35 
.35 

3.65 
8.25 

1.16 
1.10 

.0006 
.0022 

.0146 
.0166 

.0134.0012  .10  ' 
.0138'. 0018  .10 
.OlOol.OOlO  .12 

.0070 
.0120 

t 

.0001 
.0000 

.43 
.46 

16396 

Apr.  13  '  Slight. 

Blight. 

.80 

2.85 

1 

1.16 

.0000 

.0116 

.0080 

.0000 

1 

.38 

1 

16569 

May  10  1  Distinct 

SUght. 

.40 

1  2.50 

0.85 

.0090 

.0166 

.0130  .0036  .17 

'.003o'.0000 

U 

16748 

Jane  OJDlstinet. 

Slight. 

.70 

8.90 

1.70 

.0038 

.0276 

.0242  .0084  .11 

.0030 

.0001 

.61 

16838 
16933 
16966 
17061 

Janel8 
Joly  6 
July  13 ! 
July  28 

Slight. 

green. 
Decided. 

DisUnct. 

Distinct. 

Slight. 

Cons., 

brown. 
Cons., 

brown. 
Slight. 

.52 
.43 
.45 
.33 

3.96 
3.65 
4.20 
3.80 

1.45 
1.50 

1.60 
1.40 

.0014 
.0046 
.0018 
.0036 

.0216 
.0320 
.0236 
.0246 

.0174 
.0206 
.0174 
.0184 

.0042 
.0114 
.0062 
.0062 

.10 
.12 

.10  1 

.14  i 

.0000 
.0060 
.0000 
.0020 

.0001 
.0000 
.0000 

.ooooi 

.19 
.63 

17180 
17309 

Aog.ll 
Aiig.26 

Decided, 

green. 

Distinct. 

Cods., 

green. 
Cons. 

.35 
.40 

4.65 
3.85 

1.90 
1.65 

.0002 
.0000 

.0268 
.0172 

.0180 
.0150 

.0088 
.0022 

.16 
.16 

.0000 
.0000 

.0000 
.0000 

.80 
.41 

17395 

Sept.  8 , 

Distinct. 

Cods. 

.65 

4.45 

2.16 

1 

.0006 

.0264 

.0210i.0044 

.18 

.0080 

.0000 

.60 

17529 

Sept.21 

Decided  ■ 

Slight. 

.65 

4.46 

1.90 

.0000 

.0264 

.0200 

.0054 

.19 

.0020 

.0001 

.79 

17005 

Oct.    7 

Slight. 

Slight. 

.60 

3.90 

1.60 

.0000 

.0260 

.0244 

.0016 

.19 

.0000 

.0001 

.76 

17700 

Oct.  21 

SUght. 

Slight. 

.00 

4.85 

1.46 

.0014 

.0180 

.0166 

.0024 

.21 

.0080 

.0001 

.66 

17812 

Nov.  9 

SUght. 

Slight. 

.65 

4.46 

1.86 

.0004 

.0214 

.0108 

.0016 

.20 

.0030 

.0001 

.06 

17940 

Nov.21 

Slight. 

Slight. 

.37 

8.85 

1.40 

.0010 

.0114 

.0092 

.0022 

.22 

.0060 

.0001  .42 

1 

18022 

Dec.  8 

V.  slight. 

V.  slight. 

.40 

3.05 

1.06 

.0008 

.0118 

.0096 

.0022 

.19 

.0070 

.0000 

.48 

18196 

Dec.  21 

V.  slight. 

Slight. 

.35 

4.25 

1.45 

1 

.0010 

.0126 

.0114  .0012 

.22 

1 

.005o'.0001  .41 

I          I 

Averages  by  Years, 


1891 
1892 
1893 
1894 
1896 
1896* 


.31  I  3.27 
.44   3.79 


.49 
.49 


3.76 
3.68 
.47  I  3.86 
.43  I,  3.71 


1.20 
1.39 
1.89 
1.42 
1.61 
1.87 


.0011 
.0004 
.0009 
.0010 
.0019 
.0012 


.0226 
.0164 
.0204 
.0196 
.0212 
.0182 


.01471.0078 
.01271.0037 
.0146  .0058 


.0151 
.0162 
.0150 


.0045 
.0050 
.0032 


.09 
.14 
.16 
.16 
.18 
.16 


.0049.0001      - 

'  ■ 

.0069 .0001      - 

.0026.0001  .61 

.00271.0000  1.46 


.0060 
.0061 


.0000  .50 
.0000. 60 


1.0 
1.8 
1.2 
1.6 
1.8 
1.1 


*  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has  been 
used  Id  making  the  average. 

N»TB  to  analyses  of  1896 :  Odor.  dlstlDctly  vegetable,  becoming  stronger  and  also  mouldy  or  grassy 
00  heating.  —  The  samples  were  collected  from  the  basin,  near  the  surface. 
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SPBINGFrEIiD. 

Microscopical  Examination  of  Water  from  the  Receiving  Basin  of  the  Springfield 

Water  Works^  at  Ludlow, 

[Number  of  organtams  per  cnbto  centimeter.] 


1S9«. 

Jan. 

reb. 

Mar. 

Apr, 

May. 

Jane. 

Jane. 

July. 

Jaly. 

July. 

Day  of  ezamination,  •       .       •       • 
Number  of  ammple,     •       .       •       . 

15 
15872 

11 
16029 

10 
16218 

14 

16S96 

12 
16569 

10 
16748 

10 
16838 

8 
16038 

14 

16966 

30 
17081 

PLANTS. 

DiatomaceeB,       .      .      .      . 

Asterlonella, 

Cyclotella, 

Cymbella, 

Diatomat 

FragilarUt 

Meloelra, 

Blerldlon,       .       .    '  • 

Navicular 

Plnnularia, 

Burlrella, 

Bynedra,        .       .       .       .       . 
T^bellaria 

CyanophyceaB,    .      .      .      . 

Anab»na, 

CoelosphaBrinm,     .       .       .       . 

Alffce, 

Ccalaatmm, 

Pediastmm, 

Prolococous, 

Rapbidlum, 

Bcenedesmua,        .       •       .       . 

Belenaairum, 

Btaaraatmm, 

Btaarogenia, 

ANIMALS. 
Infusoria, 

Dinobryon, 

Eoalenat        •       .       .       .       . 

Mallomonai, 

Monaa, 

Peridiniam, 

Bynura,  ...... 

Trachelomonaa,    •       .       .       . 
Vortlcella, 

Vermes,  Anarea 

Crustacea 

Cyclope, 

Dapbola, 

Miscellaneous, 

Acarlna, 

Zodgloea, 

Total 


11 

8 

8 

88 

92 

168 

204 

155 

206 

0 

4 

0 

0 

11 

51 

116 

60 

69 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

24 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

8 

45 

0 

0 

0 

8 

4 

0 

8 

20 

28 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

4 

24 

3 

2 

1 

2 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

8 

4 

44 

44 

2 

0 

0 

0 

2 

1 

4 

8 

2 

112 

78 

64 

62 

0 

0 

0 

0 

0 

60 

88 

200 

t 

0 

0 

0 

0 

0 

60 

88 

200 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

14 

12 

8 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

12 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

8 

2 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

4 

0 

564 

176 

82 

0 

0 

0 

152 
0 
4 
0 
2 
74 

124 


10 

8 
2 

273 

10 
60 
56 

0 
64 
11 
72 

0 


0 
0 
0 
0 
0 
0 
0 
0 


0 

0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 


0 

0 

0 


140 

140 
0 
0 
0 
0 
0 
0 
0 


0 

0 
0 


4 

0 
0 
0 
0 
4 
0 
0 
0 


0 
0 


24 

23 
0 
0 
0 
0 
0 

1 

0 


0 
0 


1 

0 
0 

1 

0 
0 
0 
0 
0 


.02 

0 
.02 


82 

82 
0 
0 
0 
0 
0 
0 
0 


0 

0 
0 


7 

0 
0 
0 
0 

1 
1 

0 
6 

1 

.16 

.04 
.12 


62 

59 
1 
0 
0 
0 

1 
1 

0 


.14 

.08 
.06 


22 

0 
2 
0 
0 
0 
0 
20 
0 


0 
0 


0 

0 

0 

0 

60 

.02 

40 

5 

40 

0 

0 

0 

0 

0 

.02 

0 

.04 

.06 

0 

0 

0 

0 

80 

0 

40 

5 

40 

11 

8 

148 

02 

108 

231 

428 

380 

819 

100 

0 
100 


969 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  the  Receiving  Basin  of  the  Springfield 

Water  Works^  at  Ludlow  —  Concluded. 

[Number  of  organii ms  per  cubic  centimeter.] 


1806. 

Aag. 

Aug. 

Sept. 

Sept. 

OcL 

Oct 

1 

Nov. 

Nov. 

Dec. 

1 

Dec 

Day  of  examioatioQ 

13 

27 

9 

22 

9 

23 

" 

24 

10 

26 

Number  of  sample,      .... 

17180 

17309 

17395 

17529 

17605 

17700 

17812  1 

1 

17940 

18022 

18196 

PLANTS. 

Diatoxnacead,        .... 

56 

62 

138 

470 

166 

162 

42 

56 

46 

It 

Asterionella, 

0 

8 

30 

0 

0 

0 

0 

0 

0 

0 

Cyclotella, 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

Cymbella, 

1 

0 

0 

0 

2 

0 

0 

0 

0 

0 

Diatoma, 

0 

0 

6 

8 

0 

0 

0 

0 

4 

0 

Fragllarla, 

10 

0 

7 

0 

0 

0 

0 

12 

0 

0 

Melosira, 

0 

14 

24 

06 

10 

86 

22 

8 

4 

0 

MeridioD, 

0 

2 

0 

0 

4 

0 

0 

10 

0 

0 

Navicula, 

0 

6 

1 

4 

8 

8 

6 

6 

6 

0 

PiDDularia,     . 

0 

-4 

2 

0 

4 

0 

0 

0 

2 

0 

Barirella, 

0 

0 

1 

0 

2 

0 

0 

0 

6 

0 

Synedra, 

45 

24 

64 

352 

132 

68 

8 

20 

12 

12 

Tabellarla,     , 

0 

4 

8 

10 

0 

0 

6 

0 

12 

0 

Cyanophycees.     .... 

61 

0 

31 

44 

0 

0 

0 

0 

0 

0 

Annbasna, 

52 

0 

22 

16 

0 

0 

0 

0 

0 

0 

CoelospbaBrium,     .... 

9 

0 

9 

28 

0 

0 

0 

0 

0 

0 

Algde 

1,396 

24 

89 

130 

10 

2 

0 

6 

0 

8 

Coelastrum, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Pediastrum. 

68 

2 

1 

4 

2 

0 

0 

2 

0 

0 

ProtococcuB, 

100 

0 

1 

0 

0 

0 

0 

0 

0 

1 

Raphldlum 

0 

0 

7 

28 

0 

0 

0 

0 

0 

0 

Bcenedesmua 

1,200 

4 

18 

80 

8 

2 

0 

4 

0 

2 

Belenaatrum, 

0 

6 

0 

10 

0 

0 

0 

0 

0 

0 

Btanrnstram 

24 

0 

2 

8 

0 

0 

0 

0 

0 

0 

Staurogeuia, 

4 

12 

10 

0 

0 

0 

0 

0 

0 

1 

0 

ANIMALS. 

Infusoria, 

0 

0 

4 

10 

4 

0 

2 

2 

2 

0 

DinobryoD, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Eutflena, 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Mallomonaa, 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

Moons,    ...... 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

Peridinlom 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

Synura. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TrachelomoDas 

0 

0 

3 

8 

0 

0 

2 

0 

0 

0 

Vorticella 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

VerDies,  Anurea,    .... 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Crustacea* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cyclops, 

0 

0 

0 

t        0 

0 

0 

0 

0 

0 

0 

Dapbnia, 

0 

0 

0 

60 

0 
60 

0 

0 
120 

0 

0 

0 

0 

Mi»ceUaiieou$t 

60 

20 

40 

5 

1 
80 

50 

Acarlna, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Zoogloca, 

60 

20 

80 

60 

1  «• 

120 

40 

5 

80 

50 

Total, 

1,573 

106 

293 

714 

1 

240 

1 
284 

1 

84 

00 

78 

65 
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SPRINGFIELD. 

Chemical  Examination  of  WaXerfrom  the  Receiving  Basin  of  the  Springfield  Waler 
Works^  at  Ludlow^  collected  Seven  Feet  beneath  the  Surface, 

[ParU  per  100,000.] 


1 

Q 

i 

Afpbakakcb. 

KitSlDDE  CM 

Evapora- 
tion. 

1 

Ammokia. 

S          Chlorine.                    1 

NiTlOGSK 
AS 

Oxygen  Consumed.    1 

M 

s 

a 
S5 

Turbidity. 

• 

s 

g         Color. 

• 

• 

3 

1 

Albuminoid. 

^                  mi 

J          "S           "^ 
H        C      oo 

Nitrates. 

• 

1 

m* 

. 

m 
m 

o 

s 

168S9 

189«. 

June 18 

Slight, 
green. 

Cons., 
brown. 

1 
4.26 

1.70 

.0014  .0172  .0162 

.0020 

1 
1 

.0020 

.0000 

1 

1.3 

Odor,  faintly  vegetable. 

Microscopical  Examination, 

No.  10830.  DlatomacesB,  Atterlonella^  124;  Fragilaria,  4;  Meloairati;  Meridion,  4;  I^avlatla,  8; 
Siffiedra,  20;  TabeUaria,  84.  Cyanophycess.  Jno^tsnai  32.  Algss,  ProtococcuB^  1;  StaurogeniOt  8. 
ToUl.  289. 


Chemical  Examination  of  Water  from  Ludlow  Reservoir, 

[ParU  per  100.000.] 


§ 

1 

1896. 

Jan. 13 

Appkakamce. 

ItKSIODB  OH 

EVAPOEA- 

TIOW. 

Avmokia. 

0 

•c 

0 

s 

.17 

NiTBOOEK 

AS           1 

• 

B 

s 

B 

a 

& 

& 

• 

1 

i 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

i 

s 

• 

5 

2 

1 

a 

a 

• 

1 

1 

2 

.  1 

il 

GO 

• 

S 

4- 
C 

"2 

OS 

16871 

1 
Slight. 

Slight. 

1 
1 

.83  < 

8.20 

1.46 

.0082 

.0178 

.0166 

.0012 

.0100 

.0000 

.42 

0.9 

10028 

Feb.  10 

Distinct. 

V.  slight. 

.28 

3.86 

1.20 

.0020 

.0230 

.0162 

.0068 

.13 

.0070 

.0001 

.48 

1.6 

10217 

Mar.  9 

Decided. 

Slight. 

.30 

3.10 

1.16 

.0010 

.0262 

.01681.0094, 

.08 

.0030 

.0000 

.42 

1.0 

16306 

Apr.  13    Distinct. 

Slight. 

.28 

8.00 

1.26 

.0002 

.0164 

.0122  .0042 

.14 

.0020 

.0001 

.36 

0.6 

10570 

May  10    Distinct. 

Cons. 

.26  , 

2.80 

1.06 

.0088 

.0272  .01841.0088 

1          j 

.17 

.0020 

.0000 

.34 

0.8 

10740    June  9 

Decided, 

Slight, 

.30 

2.90 

1.20 

.0004 

.1086^.0308  .07781.16  ' 

.0030 

.0001 

.39 

1.0 

10830 

Jane 18 

green. 
Decided, 

green. 
Slight. 

.30 

2.96 

1.20 

.0000 

.0706 

.0252 

.0464 

.17 

.0000 

.0000 

.29 

0.6 

10034 

July  6  i  Decided. 

Cons., 

.60 

4.20 

2.10 

.0274. OnS  .0430 

.0288 

.12 

.0060 

.0000 

1.0 

10067 
17062 

July  131 
July  28 

green. 
Distinct. 

Distinct, 

rasty. 
Cons., 

brown. 
Cons  , 

.46 

.27 

8.76 
2.90 

1.76 
1.26 

.0390.0426 
.0136'.  0408 

.0368 
.0324 

.0068! 
.0084 

1 
.10 

.10 

.0000 
.0030 

.0000 
.0001 

.27 

1.1 
1.0 

17181 

Aug.ll 

green 
Decided, 

green. 
Cons., 

1 
.32 

4.10 

1.90 

.0000 

1        ! 
.0390  .0260'. 0130 

.16 

.0000 

.0000 

.46 

1.0 

17306 

Aug.26 

green. 
Distinct. 

green. 
Cons. 

i 
.80 

8.70 

1.60 

.0000 

.0290  .0148 

1 

.0142 

.16 

.0000 

.0001 

.34 

1.3 

17397 

Sept.  8  jl  Decided. 

Cons. 

.22 

3.70 

2.20 

1.0000  .0406'.0214'.0192 

.18 

.0000 

.0001 

.33 

0.8 

17630 

1       green. 
Septal    Decided. 

Cons., 

.20 

3.16 

1.65 

.0000 

.0446  .0204  .0242 

.17 

.0020.0000 

.40 

1.1 

17606 

Oct.    7 

Distinct, 
green. 

green. 
Cons. 

.20 

1 

2.90 

1.66 

.0004 

.0742 

.0302'.  0440 

.20 

1 

.0000 

.0002 

.38 

0.8 
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SPBINGFTELD. 

Chemical  Examination  of  Water  from  Ludlow  Beservoir — Concluded. 

[ParU  per  100»000.] 


• 

§ 

Appbarakcb. 

Rksidvb  cm 

EVAPORA- 

Ammovia. 

'  NlTBOOBN 
▲S 

a 
a 

1 

i 

i 

TIOM. 

• 

o 

e 

• 

§ 
1 

& 

• 

1 

Lesson 
Ignition. 

• 

1 

Albuminoid. 

• 

S 

e 

• 

2S 

1 

B 

s 

& 

• 

i 

a 

CO 

1 

S 

1806. 

17701 

Oct.  21 

Decided. 

Cons.» 
yellow. 

.20 

8.66 

1.70 

.0010 

.0680 

.0238 

.0342 

.16 

.0030 

.0001 

.38 

1.8 

17818 

Not.  0 

Distinct. 

Cons., 
green. 

.20 

2.06 

1.40 

.0006 

.0678 

.0224 

.0364 

.16  ' 

1 

.0030 

.0001 

.87 

l.l 

17041 

Nov.  21 

Decided. 

Slight. 

.17 

2.86 

1.46 

.0006 

.0668 

.0266 

.0202 

.10 

.0030 

.0001 

.82 

0.9 

18023 

Deo.  8 

Sllgtit. 

Slight. 

.20 

2.06 

1.20 

.0022 

.0312 

.0238 

.0074 

1 

.20 

.0030 

.0001 

.88 

l.S 

18107 

Dec.  21 

Slight. 

Slight. 

.17 

8.26 

1.86 

.0120 

.0344 

.0278 

.0066 

.22 

1 

.0030 

.0001 

.38 

0.8 

Averages  by  Years. 


1876-77* 

- 

- 

- 

4.86 

- 

.0130 

1887t 

- 

.24 

8.88 

1.66 

.0030 

1888 

- 

.13 

2.01 

1.20 

.0019 

1880 

- 

- 

.12 

2.42 

1.08 

.0028 

1800 

- 

- 

.16 

2.06 

1.64 

.0020 

1801 

- 

- 

.20 

8.00 

1.42 

.0060 

1802t 

- 

- 

.26 

3.41 

1.41 

.0006 

1808$ 

- 

- 

.47 

4.11 

2.08 

.0011 

1 

1804 

- 

- 

.87 

3.80 

1.47 

.0000 

1806 

- 

.20 

3.86 

1.66 

.0028 

18061 

- 

.26 

8.26 

1.41 

.0042 

1          1 

.0426.0206 
.0486 


.0130 


.0832 
.0461 
.0887 
.0426  .02281.0107 


.0237.0224 
.0210  .0177 


.0277 

1.0876 

.0221 

.0316 


.0180  .0088 
.0260 


.16 
.12 
.10 
.10 
.00 
.13 


.0116  .14 
.16 


.0166  .0066 
.0201  .0114 


.0404.0220.0184  .16 


.18 


.0010 
.0047 


.0001 


.0038.0002 
.0066.0001 
.0060  .0001 
.0040'.  0001 
.0019  .0001 
.0018.0000 


.68 
.42 


.0030.00001.41 


.0081  .0000 


.87 


0.0 
0.8 
1.0 
l.S 
l.l 
1.1 
1.0 


*  These  analyses  were  made  by  Prof.  William  R.  Nichols,  for  the  city  of  Springfield,  fk'om  samplea 
collected  about  once  a  week,  between  July  1, 1876,  and  Sept.  30, 1877. 

t  June  to  December.  X  Janoary  to  September.  §  May  to  December. 

II  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  be«i 
used  in  making  the  average. 


NoTB  to  analyses  of  1806:  Odor,  decidedly  grassy  and  mouldy,  occasionally  vegetable  and  sweetish, 
rarely  unpleasant.  On  heating,  the  odor  became  stronger  and  decidedly  sweet  and  grassy.^— The 
samples  were  collected  from  the  reservoir,  2  or  8  feet  beneath  the  surface.  For  monthly  record  of 
height  of  water,  see  page  821. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


317 


SPRINGFI£LJ>. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir, 

[Number  of  orgnntsms  per  cable  centimeter.] 


1890. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jane. 

July. 

July. 

Joly. 

Day  of  •xamioatioD,  .... 

15 

11 

10 

14 

13 

10 

10 

8 

14 

80 

Number  of  sample,     .... 

15871 

10038 

10217 

10805 

10570 

10740 

10880 

10934 

10007 

17088 

PLANTS. 

DlatomacdeB,       .... 

8 

0 

0 

532 

826 

28 

80 

8 

10 

112 

Atteriooella, 

0 

0 

0 

184 

8 

0 

0 

0 

0 

82 

Cyolotella,      , 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

Diatoma, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fragllaria,      . 

0 

0 

0 

180 

0 

0 

0 

5 

0 

0 

Meloaira, 

0 

0 

0 

8 

20 

10 

24 

0 

0 

0 

Nltseohla, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Bynedra, 

8 

0 

0 

190 

85 

4 

0 

3 

2 

80 

Tabeilaria,     , 

0 

0 

0 

18 

350 

5 

0 

0 

0 

0 

Trlceraiium, . 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

OyanophyceaB,    .... 

0 

6 

0 

2 

82 

812 

1,004 

804 

6 

80 

AnabaBoa, 

0 

0 

0 

3 

82 

812 

1.000 

800 

3 

4 

Claihrocystis»         .... 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

C«elo»ph»iium,     .... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

Microcystis 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

AliTSB*  •••...• 

16 

6 

6 

2 

20 

8 

4 

65 

84 

780 

Artbrodesmus,      .... 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

Chlorococcus,        .... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ccslastram, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

Cosroarium, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I>lctyospbnriam»  .... 

1 

0 

0 

0 

0 

0 

0 

0 

0 

28 

Pedlastrum, 

0 

0 

0 

0 

4 

2 

0 

5 

3 

00 

Protocoecus 

0 

0 

0 

0 

4 

0 

0 

0 

10 

250 

Baphldium, 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Bevoedesmus,        .... 

8 

0 

0 

3 

5 

1 

0 

17 

44 

188 

Seleoasirum, ..... 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Btaurastnim, 

4 

0 

0 

0 

0 

0 

4 

3 

2 

172 

Btaarogeola, 

3 

0 

0 

0 

0 

0 

0 

1 

0 

0 

ZoSspores, 

7 

0 

0 

0 

0 

0 

0 

0 

4 

0 

Funffi,  Orenotbrlz,  .... 

0 

6 

0 

6 

0 

0 

0 

40 

0 

0 

ANIMALS. 

Bhisopoda, 

0 

0 

6 

4 

0 

0 

0 

6 

0 

0 

Aetloopbrys 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

Areella, 

0 
5M 

0 
4,886 

0 

8,801 

3 
844 

0 
788 

0 
0 

0 
0 

0 

1 

0 

2 

0 

Inftisorla, 

6 

Ciliated  iofosorlao. 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Cryptomooas,        .... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DlDobryoD, 

520 

4,880 

8,800 

880 

782 

0 

0 

0 

0 

0 

Mooaa, 

0 

4 

0 
8 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

1 

0 
0 

0 

Peridinltim, 

0 

Syoura, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TiDtlooldiom,        .... 

0 

0 

0 

0 

0 

^0 

0 

0 

0 

2 

V 

0 

Tracbelomooas 

0 

0 

0 

0 

1 

0 

•  0 

0 

0 

0 

Vortioella, 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

VernioB 

8 

1 

6 
0 

1 

0 

86 

80 

0 
0 

0 
0 

0 
0 

5 
5 

6 

a 

0 

0 

AonrMif 

Asplaocboa, 

0 

0 

1 

0 

0 

0 

0 

^0 

0 

0 

w 

0 

Bottler, 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Crustacea, 

.64 

0 

6 

.02 

.6 

0 

.02 

.84 

.08 

.12 

Boemlna 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cyclops 

0 
.04 

0 
0 

0 
0 

0 
.03 

0 
.0 

0 
0 

0 
.03 

.10 
.34 

0 
.00 

.12 

l>aphola, 

e  A0 

0 

Jii9cellaneout, 

6 

0 

0 

0 

120 

0 

.08 

10 

60 

160 

ArarlDa, 

0 

0 

0 

0 

0 

0 

.08 

.12 

.00 

0 

Z00tfl<Bfl, 

0 

0 

0 

0 

120 

0 

0 

10 

00 

100 

Total, 

658 

4,888 

8,803 

010 

1,232 

848 

1,088 

433 

170 

1,038 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir — Concluded. 

[Number  of  organlams  per  cubic  centimeter.] 


1806. 

Aug. 

Aug.  Sept. 

Sept. 

Oct. 

Oct. 

Nov. 

Xov. 

1 
Dec.  Dec 

Day  of  examination,  .... 
Number  of  sample,  .... 

13 
17181 

27 
17306 

0 
17397 

23 
17630 

9 
17606 

23 

17701 

10 

17813 

- 

24    10 
17941  18023 

26 
181©7 

PLANTS 

Dlatomaoeas, 

Aeterionelia, . 
Cyclotella,      . 
Diatoma, 
Fragilarla, 
Melosira, 
Nltzachia, 
B>nedra, 
Tabeilaria,     . 
Triceratlum,  . 

Cyanophyoeas, 

Anabasna, 
Ciaihrucystla, 
Cceloephflsrlum, 
Microcystis,   . 

Al6r86>  •        •       • 

Arthrodesmup, 
Chlorococcus, 
Ocelastrum,    . 
Cosmarium,   . 
Dictyospbeerium, 
Pedlastrum,   . 
Protococcus,  . 
Kapbldlum,    . 
Bcenedesmus, 
Selenastrum,  . 
Btaurastrum, . 
Staurogenla,  . 
Zoospores, 

Fungi,  Crenothrix,  . 


82 

28 
0 
0 
0 
0 
0 

64 
0 
0 

90 

18 

12 

60 

0 

5,096 

0 

0 

0 

0 

0 

32 

1,000 

0 

4,000 

0 

36 

28 

0 


148 

88 
0 
0 

82 
0 
0 

78 
0 
0 

73 

66 
1 

14 
2 

990 

0 
0 
2 
0 
0 
62 

800 
20 

600 
0 
8 
8 
0 


2,792 

3,008 

800 

0 

0 

0 

24 

0 

0 

0 

288 

82 

0 

0 

2,180 

2,060 

0 

16 

0 

0 

292 

260 

148 

116 

16 

8 

128 

130 

0 

0 

660 

860 

0 

0 

0 

0 

8 

8 

16 

0 

0 

0 

48 

16 

104 

88 

84 

64 

264 

104 

86 

0 

44 

48 

66 

82 

0 

0 

0 

0 

1,388 

1,760 

616 

82 

64 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

06 

16 

102 

0 

0 

0 

1,260 

1,680 

492 

0 

0 

0 

0 

0 

0 

912 

448 

492 

780 

280 

384 

4 

0 

0 

128 

168 

108 

0 

0 

0 

40 

224 

156 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

4 

0 

4 

8 

32 

14 

0 

32 

0 

8 

24 

28 

0 

0 

2 

4 

8 

12 

16 

,  128 

88 

0 

0 

0 

0 

0 

0 

814 

168 
0 
0 

120 
0 
0 
24 
0 
2 

408 

820 

0 

80 

8 

952 

0 

48 

8 

8 

0 

0 

280 

16 

160 

0 

82 

0 

0 


848 

116 

28 

8 

0 

16 

0 

180 

0 

0 

50 

16 
0 

82 
2 

62 

0 
4 

0 
0 
0 
4 

82 
0 

82 
0 
8 
0 
2 


66 

48 
0 
0 
0 
O 

18 
0 
0 
0 

2 

0 
0 
3 

0 

104 

0 
0 
0 
0 
0 
0 

64 
0 

40 
0 
0 
0 
0 


ANIMAL8. 


Rhizopoda, 


Actinopbrys, 
Arcellu,  . 


Infusoria, 

Ciliated  tnfnsorian, 
Cryptomonas, 
Diuobryon,    . 
Monas,    . 
Peridlninm,    . 
Synura,  . 
Tintinnidinm, 
Trachelomonas,     . 
Voiticella,      . 


Vermes, 


Anurea,  . 
Asplancbna, 
Hotlfer,  . 


Crustacea, 

Bosmlna, 
Cycle pp, . 
Dapbnla, 


0 

0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 


0 

0 
0 

6 

0 
0 
0 
0 
2 
2 
0 
2 
0 

0 

0 
0 
0 

.12 

0 

0 

.12 


0 

0 

0 

0 

0 

0 

40 

48 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

48 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

0 

.04 

0 

0 

0 
0 

8 

0 
0 

0| 

0 
0 
0 
0 
8 
0 

0 

0 
0 
0 

0 

0 
0 
0 


0 
0 

16 

0 
0 
8 
0 
0 
0 
0 
8 
0 

0 

0 
0 
0 

.12 

0 

0 

.12 


0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

6 

so 

0 

0 

4 

0 

0 

4 

0 

0 

12 

0 

8 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

2 

2 

0 

4 

0 

0 

0 

s 

0 

4 

0 

0 

0 

.06 

0 

.04 

.02 

0 

0 

.04 

0 

.04 

0 

0 

0 

0 
0 


0 
0 

86 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 


0 
0 
0 


JIi8cellaneou8, 

Aoarina, 
Zo<5gloea, 


60 

0 

60 


60 

0 
60 


120 

0 
120 


80 

.04 
80 


80 

0 

80 


0 
0 


80 

0 
80 


Total, I   5,328  i  1,277 


3,904 


8,766  2,428  ^  2,448 


1,860 


200  I  140 


0 
200 


0 
140 


100 

.02 
100 


1,482 


664 


808 
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SPRINGFIELD. 

Chemical  Ezamtnalion  of  Water  from  Ludlow  Reservoir^  collected  near  the  Bottom. 

[Parts  per  100,000.] 


1 

i 

1 

Appbabamcb. 

Kesiduk  on 

EVAPOHA- 
TION. 

Ammonia. 

■ 

• 
c 

O 

.18 
.14 
.14 
.18 
.16 
.18 
.16 
.21 
.18 
.16 
.18 
.19 

.18 

1 

.17 

NiTBOOBN 
AS 

a 

a 
m 

e 

6 

s 

o 

z 

i 
1 

o 
§ 

• 

1 

• 

§ 

Be 

« 

I 

Albuminoid. 

• 

s 
g 

• 

m 

i 

B 

s 

• 

1 

1 
1 

2 

•2 

•  c 

D  S.  1 

i 

« 

•14 

16837 
16935 
17083 
17182 
17307 
17308 
17631 
17607 
17702 
17814 
17942 
18024 
18198 

1806. 

JunelS 

Jnly  6 
July  28 
Aug.ll 
Aug.26 
Sept.  8 
8ept.21 
Oct.    7 
Oct.  21 
Nov.  9 
Nov.  21 
Deo.  8 
Dec.21 

Distinct, 

green. 

Decided. 

Slight. 

green. 
Decided, 

green. 
Distinct. 

Decided, 
green. 

Decided, 
green. 

Distinct, 
green. 

Decided. 

Distinct. 
Decided. 
Slight. 
Distinct. 

Slight. 

Cons., 

rusty. 
Cons  , 

green. 
Cons., 

green. 
Cons. 

Cons. 

Cons., 

green. 
Cons. 

Cons., 

yellow. 
Cons., 

green. 
Slight. 

Slight. 

Slight. 

.32 
.48 
.30 
.88 
.28 
.23 
.20 
.24 
.22 
.20 
.18 
.22 
.16 

.Oft 

8.06 
3.86 
3.60 
3.96 
3.10 
3.66 
3.06 
2.90 
3.46 
3.06 
3.00 
3.16 
3.10 

1.16 
2.10 
1.76 
1.90 
1.65 
1.95 
1.56 
1.30 
1.66 
1.45 
1.65 
1.35 
1.40 

1.65 

.0040 
.0348 
.0228 
.0000 
.0000 
.0000 
.0000 
.0000 
.0016 
.0002 
.0006 
.0032 
.0114 

.0059 

.0292 
.0740 
.0442 
.0602 
.0386 
.0398 
.0612 
.0718 
.0788 
.0582 
.0624 
.0272 
.0314 

.0483 

.0196 
.0508 
.0292 
.0292 
.0214 
.0222 
.0218 
.0270 
.0232 
.0252 
.0276 
.0240 
.0266 

.0098| 
.0282 
.0150 
.0210 
.0172 
.0176 
.0294 
.0448 
.0556 
.0330 
.0248 
.0032 

1 

.0048 

1 

.0020 
.0080 
.0000 
.0000 
.0000 
.0000 
.0000 
.0030 
.0030 
.0050 
.0020 
.0020 
.0030 

.0021 

.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0001 

1 

.0003. 

.0001 

.0001 

.0000 

.0001 

.0002 

.0000 

1.14 

.46 
.43 
.43 
.37 
.46 

.41 

1 
.88 

.32 

.32 

.34 

.36 

.36 

0.7 
0.8 
0.9 
0.9 
0.0 
0.8 
0.9 
0.9 
0.9 
1.0 
0.8 
1.0 
0.7 

Av.*.. 

3.28 

.0262 

.02211 

0.8 

1 1  "^ 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Odor,  generally  decidedly  mouldy  and  grassy,  occasionally  vegetable  and  nnpleasant. The 

■amples  were  collected  from  the  reservoir,  near  the  bottom. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir^  collected  near  the 

Bottom. 

[Number  of  organisms  per  cubic  centimeter.] 


1896. 

June. 

July 

July. 

Aug 

Aug. 

Sept 

Sept. 

1 

Oct.  1  Oct. 

Nov. 

Nov.  Dec. 

Dec. 

Day  of  examination, 

19 

8 

80 

13 

27 

9 

23 

9 

23 

10 

24 

10 

26 

Nnmb«r  of  sample,                .   16837 

16935 

17083 

17182 

17307 

17388 

17631 

17607117702 

1 

17814 

1 

17942  18024 

18198 

PLANTS. 

Dlatomaceeo,  . 

78 

17 

370 

158 

228  2,916  t,832 

1,720  2,432 

832 

628 

284 

66 

Asterionella,    . 

16 

0 

120 

16 

0     156 

0 

16 

32 

32 

128 

152 

40 

Fragilarla, 

0 

0 

0 

0 

0         0 

0 

0 

0 

0 

400 

0 

0 

Meloslra,  . 

48 

16 

206 

32 

22     316 

72 

12 

0 

200 

0 

28 

6 

Navloula,  . 

2 

0 

0 

0 

0         0 

0 

0 

0 

4 

0 

4 

2 

Nltzchla,  . 

0 

0 

0 

0 

o'       0 

0 

0 

0 

0 

0 

0 

14 

Syoedra,  . 
Tabellaria, 

4 

2 

44 

110 

206  2,440 

2,660 

1,680 

2,400 

606 

24 

100 

4 

8 

0 

0 

0 

o;      4 

0 

12 

0 

0 

68 

0 

0 

Trioeratium,     . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir,  collected  near  the 

Bottom — Concluded. 

[Number  of  organli mi  per  cubic  centimeter.] 


PLANTS  — Con. 
CyanophyceaB, 

Anab»Da,        •       . 
Clatlirocystie,  .       • 
CoBlosphsBrlnm, 
Microcyaiia,     . 


Alffes, 


Cliloroeoccaa,  . 
Cuelastrum, 
Dictyosphwrium, 
Pediastrum, 
ProtococcuB,     . 
liaphldium,      . 
BceaedesmuBi  . 
Belenaatmrn,    . 
titauraatrum,    . 
Btaurogeoia,     . 


Fungrif  Crenothrlx,     . 


ANIMALS. 
Infusoria,  . 


Cryptomonaa, 

Mooas, 

Peridinlnm, 

Phacus,     . 

Tlntinnidiam, 

Trachelomunaa, 


Vermes, 


Anurea,    . 
Kotatorlan  ova. 
Rotifer,     . 


Crustacea, 


Boimina, 

Cyclops, 

Dapbnia, 


3fltcetlaneou8, 


A  carina,    .       .       • 
ZodgloBtt,  .       .       • 


1896. 


Jane. 


Jaly. 


July. 


Aag. 


Aug. 


Sept 


Sept. 


Oct. 


Oct. 


Nov. 


Nov. 


Dec  IDec 


400 

400 
0 
0 
0 


0 
2 
0 

4 
0 
0 
0 
0 
0 
0 


83 

80 
8 
0 
0 


11 

0 
0 
0 
4 

0 
0 
7 
0 
0 
0 


20 


20 

4 

2 

14 

0 


914 

0 

82 

40 

72 

152 

0 

224 

30 

864 

0 


118 

2 
82 
82 

0 


2,568 

0 
2 
4 

200 
000 

0 
1,800 

0 
160 

0 


122 

80 
6 

86 
0 


1,436 

0 
0 
0 

88 
400 

24 
000 

16 
6 
2 


252 

112 
8 

126 
6 


820 

0 
4 

0 

68 
82 
48 
100 
0 
82 
86 


428 

224 

12 

102 


472 

0 

0 

0 

24 

64 

72 

120 

8 

40 

144 


862 

680 
2 

172 
8 


72 

12 

0 

0 

0 

12 

16 

16 

0 

8 

8 


332 

572 

508 

40 

188 

420 

400 

13 

4 

0 

0 

0 

140 

152 

100 

27 

0 

0 

8 

0 

64 

84 

196 

44 

0 

8 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

8 

28 

0 

8 

0 

0 

16 

16 

20 

12 

96 

12 

0 

0 

0 

0 

0 

12 

86 

8 

86 

24 

82 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 


.06 
.06 


1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

4 

2 

0 

2 

0 

0 

0 

0 

0 

.18 

.12 

0 

0 

.04 

.12 

.14 

0 

10 

0 
2 
0 
2 
0 
6 


.04 

0 

0 

.04 


.10 
5 


180 

0 
180 


160 

0 
160 


16 

56 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

10 

62 

4 

0 

0 

0 

4 

0 

0 

0 

.14 

.14 

.14 

.08 

0 

.04 

0 

.02 

0 
0 
8 
8 
0 
72 


.16 

0 
.08 
.08 


120 

0 
120 


120 

.12 
120 


.04 
80 


10 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

8 

4 

4 

0 

4 

0 

0 

4 

0 

0 

.04 

0 

0 

0 

0 

& 

.04 

0 
0 


.04 

.02 

.02 

0 


20 

0 
20 


100 

0 
100 


20 

4 
4 
4 

0 
0 
8 


.08 

.04 

.04 

0 


100 

0 
100 


22 

2 
0 
4 

0 

0 

16 


0 

0 
0 
0 


.02 

0 

.02 

0 


0 
80 


Total, 


484 


180 


1,490 


8»010 


1,026  8,664 


8,700 


2,688 


2,840!  1,602 


1,452 


470 


0 
0 

4 
0 


50 

0 
0 
0 
0 

14 
0 

36 
0 
0 
0 


0 


0 
0 
0 
0 
0 
0 


0 
0 
0 


.02 

0 
0 

.02 


105 

.02 
105 


225 
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SPRINGFrELD. 

Table  showing  Heights  of  Water  in  Ludlow  Reservoir  on  the  First  of  Each  Month 

in  1896. 

Non.— Height  of  rollwAy»  28.1  feet  Above  bottom  of  reservoir. 


Jan.  1, 
Feb.  1, 
March  1, 
April  1, 
May  1, 
Jane    1, 


DATS. 


189«. 


Hetffht  of 
Waterabore 

Bottom 
of  Kesemrir. 


Feet. 
17.76 


ie.84 
18.87 
18.68 
18.66 
17.82 


July  1, 
Aug.  1, 
Sept.  1, 
Oct.  1, 
Nov.  1, 
Dee.  1, 


DATS. 


1806. 


Height  of 
Waierabove 

Bottom 
of  Keservolr. 


Feet. 
16.60 


16.20 
16.28 
13.80 
18.38 
12.85 


Chemical  Examination  of  Water  from  Chapin  Pond^  Ludlow, 

[Parts  per  100»000.j 


o 

1 

O 
^ 

i 

Q 

Afpbaiahcb. 

Rksidcb  ov 

EVAPORA- 
TIOK. 

Ammovia. 

• 

s 

6 

.10 

.11 

NiTROOBM 
A8 

1 

s 
m 

§ 

a 

1 

o 

• 

c 

1 

r 

Albomlnold. 

• 

S 

1 

m 

9 

1 

• 

1 

Q 

• 

1 
il 

m 

s 
I 

m 

n 

IflOSO 
17087 

18M. 

July  6 

Jaly28 

Dlstlnet, 
white. 
Nooe. 

Slight, 

white. 
V.  slight. 

.07 
.03 

2.86 
2.00 

1.00 
1.16 

.0014 
.0000 

.0204  .0180 
.0216  .0160 

.0024 
.0056 

.0030 
.0030 

.0000 
.0000 

.22 

0.2 
0.3 

17185 
17812 

Aag.ll 
Aag.26 

SUght. 
V.  slight. 

Slight, 

earthy. 
Slight. 

.08 
.04 

2.65 
2.26 

1.86 
1.05 

.0000 
.0000 

.0182 
.0178 

.0166 
.0122 

.0026 
.0056 

.14 
.11 

.0000 
.0000 

.0000 
.0000 

.23 

.18 

0.8 
0.1 

17401 

Sept.  8 

Slight. 

Slight. 

.08 

2.90 

0.06 

.0000 

.0166 

.0126 

.0040 

.18 

.0030 

.0000 

.10 

0.4 

17584 

Sept.21 

DisUnet. 

Slight. 

.04 

2.80 

0.65 

.0000 

.0180 

.0162 

.0028 

.12 

.0020 

.0000 

1 

.21 

0.4 

17810 

Oct.   7 

Slight. 

SUght. 

.03 

2.80 

0.76 

.0000 

.0194 

.0186 

.0058 

.11 

.0030 

.0000 

.16 

0.6 

17705 
17817 

Oct.  21 
Nov.  9 

Distinct. 
Slight. 

Cons.,. 

sUght. 
SUght. 

.03 
.03 

2.90 
2.60 

1.05 
0.80 

.0014 
.0000 

.0218 
.0210 

.0158 
.0122 

.0060 
.0088 

.12 
.12 

.0050 
.0000 

.0000 
.0000 

.19 
.15 

0.6 
0.7 

17M6    Nov.21 

1 

Distinct. 

SUght. 

.03 

2.65 

1.05 

.0004 

.0248 

.0150 

.0098 

.14 

.0000 

.0001 

1 

.20 

0.6 

18027 

Dee.  8 

Slight. 

SUght. 

.05 

2.75 

1.20 

.0000 

.0176 

.0182 

.0044 

.13 

.0000.0000 

.16 

0.8 

18301 

Dec.  21 

Distinct. 

SUght. 

.02 
.03 

2.06 

0.90 

.0018 
.0005 

.0176 

.0196 

.0180 
.0144 

.0046 
.0052 

.13 
.12 

.0000.0000 
.0016  -0000 

.17 

.18 

0.0 

Av.*.. 

2.60 

0.09 

0.4 

1 

*  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  lias  been 
used  In  making  the  average. 

Odor,  ireqnently  none,  oeeaaloDally  vegetable  and  anpleasant.  A  fishy  odor  waa  observed  in  the 
laet  three  samples.  ——The  samples  were  collected  from  the  pood,  near  the  snrface.  Water  from  this 
aoarce  was  pamped  into  the  distribating  system  of  the  Springfield  water  works  from  Jaly  7  antll  Sept. 
7,1896. 
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Microscopical  ExamiMoiitm  of  Water  froim  Ckt^in  I\md^  Ludhw. 

[Noabar  of  orfinta—  par  caWe  eaBtSaelcr.] 
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Chemical  Examination  of  Water  from  Van  Horn  Reservoir^ 

[Paru  per  100,000.] 


SPRINGFIELD, 

Springfield, 


^ 
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18S40 
18088 
17084 
17188 
17810 
17800 
17582 
17806 
17708 
17815 
17048 
18025 
18100 


Av.*. 


19»«. 

June  18 

Joly  8 
Jaly28 
Aog.ll 
Aug.28 
Sept.  8 
8«pt.21 
Oct.  7 
Oct.  21 
Nov.  0 
Nov.21 
Dec.  8 
Deo.  21 


Appiabanob. 


Blight, 

white. 
Decided. 

Blight. 

Blight. 

SUght. 

V.ellght. 

Decided 

Dbtloct. 

Decided, 

milky. 

Dletlnct. 

Blight. 

Blight. 

Dletlnct. 


Slight. 

Bllffht. 

white. 
V.eUght. 

BUght. 

Blight. 

V.eUght. 

Blight. 

Blight. 

Com., 

yellow. 
Cone. 

BUght. 

Blight. 

BUght. 


KseiDlTB  CM 

Etapora- 

TIOM. 


.16 
.12 
.07 
.04 
.08 
.08 
.16 
.25 
.50 
.85 
.40 
.88 
.27 


.21 


r 


2.05 
2.86 
8.25 
8.85 
2.05 
3.86 
2.86 
8.20 
4.05 
4.00 
4.10 
4.00 
8.00 


AlCMONXA. 


8.44 


1.10 
1.00 
1.06 
1.26 
1.16 
1.86 
1.00 
0.76 
1.06 
1.85 
1.65 
1.40 
1.25 


1.21     .0048 

i 


Albuminoid. 


^ 


i 

► 


it 


00 


.00CI4  .0152 


.0006 
.0000 
.0002 
.0010 
.0000 
.0012 
.0042 
.0284 
.0100 
.0082 
.0038 
.0042 


.0104 
.0178 
.0148 
.0178 
.0188 
.0154 
.0184 
.0172 
.0158 
.0170 
.0178 
.0804 


.0122 
.0128 
.0188 
.0120 
.0128 
.0184 
.0128 
.0120 
.0120 
.0132 
.0144 
.0184 
.0244 


.0177 


.0136 


.0030 
.0068 
.0042 
.0028 
.0048 
.0032 
.0026 
.0064 
.0062 
.0024 
.0026 
.0044 
.0080 


i 


.0041 


HlTBOOftV 


.11 
.18 

.14 
.22 
.18 
.20 
.18 
.18 
.10 
.20 
.25 
.24 
.20 


.10 


I 


.cooo 

.0070 
.0020 
.0000 
.0000 
.0080 
.0020 
.0030 
.0080 
.0050 
.0050 
.0070 
.0000 


.0036 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0004 
.0002 
.0001 
.0001 
.0001 
.0002 


1 

« 
e 


B 

I 

o 


.21 

.23 
.26 
.20 
.13 
.22 
.20 
.18 
.42 
.50 
.44 
.36 


.OOOlj  .27 


1.1 
0.0 
1.0 
1.0 

1.1 

1.2 
1.0 
1.1 
1.7 
1.7 
1.5 
1.3 
0.0 

1.2 


*  Where  more  than  one  sample  was  coUected  In  a  month,  the  mean  analysla  for  that  month  has  been 
naed  In  making  the  average. 

Odor,  generally  distinctly  mouldy  or  grassy,  occasionally  vegetable  and  unpleasant.— -  The  samples 
were  collected  from  the  reservoir,  near  the  sarface.  Thlt  reservoir  Is  a  distrlbntlng  reservoir  of  ihe 
Bprlngfleld  Water  Works. 

Microscopical  Examination  of  Water  from  Van  Horn  Reservoir^  Springfield. 

[Number  of  organisms  per  cubic  oentlmeter  ] 
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8PRINGFIEL.D. 

Microscopical  Examination  of  Water  from  Van  Horn  Reservoir^  Springfield 

—  Concluded. 

[Number  of  organbma  per  cubic  ceDtlmeter.] 
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SPRINGFIELD, 

Chemical  Examination  of  Water  from  Loon  Pond,  Springfield, 

[Parti  per  100,000.] 
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*  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has  been 
QBed  in  making  the  average. 

Odor,  generally  faintly  vegetable,  frequently  none. The  samples  were  collected  from  the  pond, 

near  the  surface.    This  pond  la  not  used  as  a  source  of  public  water  supply. 

Microscopical  Examination  of  Water  from  Loon  Pond,  Springfield. 

[Number  of  organisms  per  cubic  centimeter.] 
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SPRINGFIELD. 

Microscopical  Examination  of  Waier  from  Loon  Pond,  Springfield — Concluded. 

[Namber  of  organisms  per  cublo  centimeter.] 
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Chemical  Examination  of  Water  from  Five  Mile  Pond^  Springfield, 

[ParU  per  100,000.] 
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.0208 

.0186 

.0022 

.18 

.0000 

.0000 

.26 

0.3 

17400 

Sept.  8 

V.  Blight. 

V.  Blight. 

.07 

2.85 

1.70 

.0002 

.0206 

.0106 

.0040 

.17    '.0030 

1 

.0000 

.30 

1 

0.2 

17533 

Sept.21 

Dbtinct. 

Slight. 

.08 

1.80 

0.85 

.0014 

.0104 

.0180 

.0014 

1 

.16  '  .0020  .0000''. 24 

1                    '' 

0.0 

17000 

Oct.   7 

V.  slight. 

V.  slight. 

.03 

2.05 

0.80 

.0002 

.0230 

.0204 

.0026 

1 

.18    .0030 

.0000 

.14 

0.8 

17704 

Oct.  21 

DlsUnot. 

Slight. 

.05 

2.80 

0.05 

.0032 

.0214 

.0102 

.0022 

.16 

.0030 

.0000 

.21 

0.5 

17816 

Nov.  9 

V.  Blight. 

V.  slight. 

.05 

2.05 

0.86 

.0006 

.0222 

.0210 

.0012 

1 

.19 

.0000 

.0000; 

.18 

0.6 

17044 

Nov.  21 

V.  Blight. 

None. 

.07 

2.26 

0.90 

.0012 

.0218 

.0198|.0020 

.16 

.0000 

.0000 

.18 

0.8 

18026 
18200 

Dee.  8 
Dee.  21 

Slight. 
None. 

Slight, 

earthy. 
Slight. 

.18 
.05 

.07 

2.25 
2.80 

1.00 
1.05 

.0010 
.0080 

.0(X*'i 

.0208 
.0202 

.0214 

.0198 
.0198 

.0010 
.0004 

,.18 
.19 

|.15 

'.0000 
.0000 

.0009 

.0000 
.0000 

.0000 

.21 

.22 

.22 

0.6 
0.6 

Av.*.. 

2.28 

1.06 

1 

0.4 

1          1 

1 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  aoalysls  for  that  month  baa  been 
QBed  in  making  the  average. 

Odor,  generally  none^  occasionally  vegetable.    Oo  heatloff,  the  odor  became  faintly  vegetable  or 
^^  M  -  pond,  near  the  sarfaoe.    This  pond  b  not  ased  as  a 


earthy. The  samples  were  collected  from  the 

source  of  public  water  supply. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  Five  Mile  Pond^  Springfield^ 

[Number  of  orgaobmi  per  cable  eeodmeter.] 


• 

1896. 

Jane. 

July. 

Jaly 

Aag. 

Aag.  Sept  Sept.  Oct. 

Oct. 

Nov. 

Nov. 

Dec 

Deo. 

Day  of  examination, 

19 

8 

80 

IS 

27 

9 

23 

9 

23 

10 

24 

10 

26 

Number  of  sample, 

16841 

18937 

17085 

17184 

17811 

17400 

17538 

17009 

17704 

1781017944 

1802618200 

1 

PLANTS. 

DlatomacesB,  . 

0 

0 

0 

0 

1 

0 

2 

1 

0 

1 

20 

18 

12 

Aaterlonella,    . 
Navloala,  .... 
Byoedra,  .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

1 
0 

0 
0 
0 

0 
0 
2 

0 

1 
0 

0 
0 
0 

0 
0 
1 

16 
0 

4 

0 

8 

10 

8 
0 

4 

CyanophyoeaB, 

12 

2 

11 

8 

40 

42 

97 

20 

0 

1 

0 

0 

0 

Anabana, 
Clalbroeystls,  . 
Merlsroopedla, 
MierooystU,     . 

V2 
0 
0 
0 

0 
2 
0 
0 

0 
6 
0 
5 

0 
0 
0 

8 

0 

0 

0 

40 

2 

0 

0 

40 

0 

0 

9 

88 

2 

0 

0 

18 

0 
0 
0 
0 

1 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

AiflraB 

1 

0 

6 

0 

0 

1 

18 

2 

2 

4 

28 

12 

0 

Protoeoccna»    . 

Rapbidium, 

Btaurogenla, 

1 

0 
0 

0 
0 
0 

5 
0 
0 

0 
0 
0 

0 
0 
0 

1 

0 
0 

8 

8 
2 

2 
0 
0 

2 
0 
0 

0 

4 
0 

18 

0 

10 

0 

12 

0 

0 
0 
0 

ANI^AF^. 

Bhizopoda,  Aotloopbrys, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

Infusoria,  .... 

9 

0 

0 

0 

0 

1 

18 

4 

13 

5 

0 

34 

2 

DInobryoD, 
Mallomonaa,     . 
B>nura,     .... 
Trachelomooas, 

0 
9 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1 

0 
0 
0 

13 
0 
0 
0 

0 
1 
3 
0 

3 

0 

It) 

0 

0 
2 
3 
0 

0 
0 
0 
0 

88 
0 
0 
2 

2 
0 
0 
0 

Crustacea,  Cyelopa, 

.02 

.06 

0 

0 

0 

.02 

.02 

0 

0 

0 

0 

0 

0 

JiUceUatuout,  Zo&glcea, 

0 

0 

6 

5 

5 

10 

10 

6 

0 

6 

0 

40 

16 

Total,     .... 

22 

2 

21 

13 

46 

54 

135 

38 

15 

17 

50 

104 

29 

Water  Supply  of  Stockbridge.  —  Stockbridge  Water  Com- 
pany. 

The  water  of  Lake  Averic  was  affected  in  the  months  of  Novem- 
ber and  December  by  the  presence  of  the  organism  Uroglenaj  which 
imparted  a  disagreeable  taste  and  odor  to  the  water. 
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STOCKBRIDGE. 

Chemical  ExamincUion  of  Water  from  Lake  Averic^  Stockbridge. 

[Pftrts  per  100,000.] 


• 

e 
o 

i 

Appbabawob. 

KBSIDCB  OH 

EVAPOBA- 

TIOK. 

• 

AVMOVIA. 

1 

§ 

.08 

XlTBOOBM 

AS 

Oxygen  Consumed.    1 

1 

1 
1 

1 

.18 

1 

Los*  on 
Ignition. 

1 

Albaminold. 

1 

2 

1 

a 

• 

• 

1 

1 

s 

• 

-1 

00 

• 

m 

1 

16144 

1896. 

Feb.  25 

Slight. 

Blight. 

7.40 

1.80 

.0014 

.0176 

.0160 

.0016 

.0060 

.0001' 

j 

1 

•27 

5.8 

164»1 

Apr.  28 

Distinct, 

BUght. 

.12 

5.80 

1.26 

.0002 

.0166 

.0186  .0080| 

.08 

.0050 

.0001  .23 

3.0 

16884 

Jane24 

green. 
Distinct. 

Blight, 

.15 

0.10 

1.85 

.0002 

.0212 

.0150 

.0062 

.08 

.0020 

.0001 

1 

;.8i 

4.4 

17738 

Oct.  27 

Distinct. 

green. 
Blight. 

.12 

6.45 

1.50 

.0008 

.0216 

.0196 

.0020 

.00 

.0020 

H 
.0000  .31 

5.8 

18203 

Deo.  28 

Distinct. 

Slight. 

.12 

7.05 

1.75 

.0000 

1 

.0208 

.0156 

.0052 

.11 

.0080 

.0000 

1 

.32 

5.8 

Averages  by  Tears, 


1803 

- 

- 

.06 

6.15 

1.45 

.0002 

.0165 

.0137 

.0028 

.07 

1894* 

- 

- 

.13 

6.72 

1.60 

.0007 

.0200 

.0175 

.0025 

.08 

1895t 

- 

- 

.18 

5.05 

1.85 

.0007 

.0218 

.0168 

.0045 

.06 

1896 

- 

- 

.14 

6.46 

1.43 

.0006 

.0196 

.0160 

.0036 

.09 

.0067.  .0020 

.0015  .0000 

I  1 

.0050.0000 

I 
.0086.0001 


.26 
.31 
.25 
.29 


4.1 
4.4 
4.4 

4.8 


*  August  mnd  October. 


t  Mmy  and  November. 


Note  to  anmlyses  of  1896:  Odor  of  the  first  sample,  none,  becoming  faintly  earthy  on  heating;  of 
the  second,  fishy ;  of  the  third,  distinctly  vegetable  and  unpleasant;  of  the  fourth,  none,  becoming  dls« 

tinctly  fishy  on  heating;  of  the  last,  distinctly  fishy  and  oily. The  first  sample  was  ooUecied  from  a 

faucet  at  the  pumping  station,  and  the  others  from  the  lake. 


Microscopical  Examination  of  Water  from  Lake  Averic^  Stockbridge, 

[Number  of  organisms  per  cubic  centimeter.] 


1896. 

Feb. 

Apr. 

June. 

Oct 

Nov. 

Nov. 

Dec 

Day  of  examination, 

26 

29 

25 

28 

7 

7 

80 

Number  of  sample,        •       .       •       .       . 

16144 

16491 

16884 

17788 

- 

- 

18208 

PLANTS. 

Diatomaceed 

6 

80 

8 

87 

97 

144 

4 

Asterlonella, 

FrugilRfia, 

Naucula, 

Bynedra 

4 
0 
0 
2 

18 
5 

4 
8 

0 
7 
0 
1 

80 

88 

0 
1 
8 

144 
0 
0 
0 

8 
0 
0 
1 

CyanophyoeaB,  Clathroeystls, 

0 

0 

6 

0 

0 

0 

AlffCB*  Protoeoccus, 

0 

0 

16 

0 

0 

0 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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STOCKBBIDGE. 

Microscopical  Examination  of  Water  from  Lake  Averic^  Stockhridge  —  Concluded. 

[Number  of  orgaoisms  per  cable  eentlmeter.] 


ANIMALS. 


Infusoria, 


Ceratium,         • 
Dloobryoo, 
Honas,  « 

Perldlnlum, 
Bynura,     . 
Trachelomooae, 
Urogleoa, . 
Vorileella, 


Vermes, 


ADorea. 
Polyaithra, 
Rotifer,     . 


Crustacea, 

Boamina,  . 
Cyclopa,    . 


ItUcellaneout, 

Acarioa,   • 
Zodgloea,  . 


isee. 

Feb. 

Apr. 

Jane. 

Oct. 

Nov. 

Nov. 

Dec 

0 
0 

0 

1 

0 
0 
0 
0 


1 

0 
0 


.02 

0 
.02 


18 

0 

11 

0 

1 
1 

0 
0 
0 


1 

0 
0 


0 
0 


106 

1 

0 
2 
100 
0 
2 
1 
0 


10 

9 
0 
1 


0 
0 


8 

0 
0 
0 
0 
0 
2 
1 
0 


0 
0 
0 


.02 

.02 
0 


IS 

0 
0 
0 
0 
0 
2 
12 
1 


0 
0 
0 


0 
0 


.04 


.04 
0 


40 

.04 

40 


20 

.02 
20 


0 
0 


.02 

.02 
0 


11 

0 
0 
0 
0 
0 

1 

10 
0 


1 

1 

0 


0 
0 


0 
0 


2S 

0 
0 
0 
0 
0 
0 
26 
0 


0 
0 
0 


t 

0 


0 
0 


Total, 


8 


84 


164 


05 


112 


150 


20 


Water  Supply  of  Stoneham. 

(See  Wakefield.) 


Water  Supply  of  Swampscott  and  Nahant. — Marblehead 

Water  Company. 

The  water  supplied  to  Swampscott  and  Nahant  during  1896  was 
drawn  from  three  sources,  viz. :  a  large  well  and  a  group  of  72 
tabular  wells  in  the  valley  of  Stacy's  Brook,  not  far  from  the  sea- 
shore ;  a  system  of  tubular  wells  in  Paradise  Road ;  and  a  system 
of  tubular  wells  a  short  distance  east  of  the  Swampscott  station  on 
the  eastern  division  of  the  Boston  &  Maine  Bailroad.  The  wells  in 
the  valley  of  Stacy's  Brook  are  located  in  densely  populated  terri- 
tory, and  are  probably  affected  by  the  presence  of  a  small  amount 
of  sea-water. 
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8WAMPSCOTT  AND  NAHANT, 

The  advice  of  the  State  Board  of  Health  to  the  Marblehead  Water 
Company  relative  to  taking  an  additional  water  supply  from  the 
ground  in  the  neighborhood  of  Thompson's  Meadow  in  Salem  may 
be  found  on  pages  40  to  42  of  this  volume. 


Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water  Company , 

Swampscott, 

[ParU  per  100,000.] 


Date  of 

Collection 

Appkakamob. 

Resldoe  on 

Eraporatlon. 

Ammokia. 

Chlorine. 

NiTHOOBM 
AS 

Oxygen 

Consumed. 

• 

I 

a 
B 

1 

B 
S5 

1 

s 

8 

1 

i 

5 

i 

Cm 

•a 

o 

s 

is 

I 

i 

5 

i 

s 

2 

1 

15852 

16003 

16033 

16188 

16389 

16544 
16780 
16924 
17126 
17322 
17.326 
17360 
17615 
17783 
18000 

1896. 

Jan.     7 

Feb.    4 

Feb.  11 

Mar.    3 

Apr.    9 

May    6 
June  12 1 
July    6  ' 
Aug.  5 
Aug.  28 
Aug.  28  ; 
Sept.   2 
Oct.     7 
Nov.    8 
Deo.    4 

Decided, 

clHyey. 
Distinct, 

clayey. 
Slight, 

milky. 
Sligh^ 

milky. 
None. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

Oons., 

earthy. 
Sllgh^ 

earthy. 
Slight. 

V.  alight. 

Slight, 

earthy. 
None. 
None. 
None. 
None. 
V.  alight. 
None. 
None, 
v.  slight. 
None. 
None. 

.08 

.08 

.03 

.00 

.08 

.00 
.03 
.01 
.02 
.01 
.02 
.03 
.00 
.00 
.00 

11.80 

18.80 

61.80 

14.90 

32.00 

41.70 

93.60 

109.50 

60.20 

106.90 

125.40 

134.20 

15.80 

11.80 

.0012 

.0000 

.0006 

.0014 

.0000 

.0008 
.0000 
.0000 
.0002 
.0000 
.0004 
.0022 
.0002 
.0006 
.0004 

.0086 

.0040 

.0082 

.0018 

.0080 

.0042 
.0012 
.0012 
.0014 
.0068 
.0006 
.0014 
.0028 
.0018 
.0006 

1.87 

1.72  1 

119.70  1 

1.82  ' 

7.69 

112.04  ; 
32.63  1 
37.80 
2.10 
12.16 
37.68  ' 
,46.08 
50.98 
2.04 
1.90  1 

.0400 

.0750 

.1500 

.0820 

.2000 

.1100 
.1060 
.2250 
.0500 
.3250 
.1050 
.3600 
.0600 
.0400 
.0350 

.0000 
.0000 

.0000 

1 

.0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.0000 

.0000 

.0010  i 

.0004 

.0000 

.0000 

.09 

.11 

.10 

.04 

.13 

.06 
.09 
.07 
.03 
.08 
.08 
.10 
.09 
.00 
.01 

4.6 

6.1 

14.9 

6.9 

9.0 

18.2 
40.0 
42.8 
10.5 
17.0 
49.0 
66.5 
54.5 
8.8 

.0120 

.0060 

.0070 

.0020 

.0060 

.0050 
.0060 
.0030 
.0020 
.0010 
.0010 
.0000 
.0100 
.0040 
.0010 

Averages  by  Tears, 


1887* 

18S8 

18S9t 

1890{ 

1891 

1802 

1893 

1894 

1895 

1896$ 


.08 
.00 
.00 
.00 
.00 
.00 
.01 
.04 
.08 
.02 


23.88 
25.16 
26.20 
44.00 
38.04 
54.94 
46.42 
87.84 
29.51 
58.86 


.0032 
.0007 
.0006 
.0006 
.0018 
.0000 
.0000 
.0002 
.0002 
.0006 


.0028 
.0035 
.0038 
.0010 
.0010 
.0010 
.0022 
.0018 
.0033 
,0028 


2.94 

3.26 

3.80 

8.30 

7.73 

14.53 

12.12 

10.52 

6.91 

18.53 


.5302 
.4477 
.4390 
.6250 
.9909 
.7437 
.4263 
.2983 
.1148 
.1275 


.0003 

• 

. 

.0002 

. 

. 

.0001 

• 

21.2 

.0002 

. 

18.0 

.0000 

. 

22.0 

.0000 

.07 

14.7 

.0000 

.05 

15.8 

.0000 

'     .10 

9.4 

.0001 

.07 

1 

25.2 

.0074 
.0061 
.0066 
.0072 
.0047 


*  Jane  to  December. 
S  Where  more  than  one  sample 
asod  In  making  the  averago. 


t  January  to  May.  t  October. 

eoUected  In  a  montht  the  mean  aoalyals  for  that  mouth  has  been 


Note  to  analyses  of  1896 :  Odor  of  Nos.  16003  and  16188,  faintly  earthy ;  of  the  others,  none. Noa. 

16389,  16544  and  17322  wore  collected  from  the  large  well  near  the  pumping  station ;  Nos.  15852, 16008, 
16188, 16780  and  16924,  from  a  faacet  at  the  pumping  station;  the  others,  from  faucets  in  the  town. 


Microscopical  Examiftation, 

An  Innlgnlfleant  number  of  organlsma  was  foand  in  sample  No.  15852;  no  orgaolama  were  found  lo 
the  remaining  samples. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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8WAMPSCOTT  AND  N  AH  ANT. 

ChemiccU  ExamvicUion  of  Water  from  a  System  of  Tubular  Wells  in  the  Valley  of 
Stacy'^s  Brooke  and  from  a  System  of  Tubular  Wells  in  Paradise  Boad,  Swamp- 
scotL 

[Parts  per  100,000.] 


• 

2 

Afpbararcb. 

a 
o 
a 

§1 
•  « 

1 

AXMOiaA. 

1 

6 
1 

e 

KiTBOOKM 
AS              1 

Oxygen 

Consumed. 

• 

8 

B 

SB 

i 
e 

• 

• 

g 

8 

1 

i 

5 

1 

minoid. 

t 

i 

Si 

7i 

• 

I 

1896.  , 

17824 

Aug.  28 

None. 

None. 

.02 

180.70 

.0042 

.0014 

49.80 

.1100 

.0020 

.11 

62.0 

.0030 

17325 

Aug.  28 

None. 

None. 

.00 

17.40 

.0002 

.0002 

2.24 

.0000 

.0000 

.01 

10.0 

.0040 

Odor,  none. The  first  sample  was  collected  from  a  pump  drawing  water  from  72  tubular  wells 

In  the  valley  of  ducy*B  Brook,  near  the  pumping  sution  of  the  Marblehead  Water  Company  In  Swamp- 
Bcott;  the  second,  from  a  pump  drawing  water  from  tubular  wells  In  Paradise  Boad. 


Microscopical  Examination, 


No  organisms. 


Chemical  Examination  of  Water  from  a  System  of  Tabular  Wtlls  a  Short  Distance 
East  of  the  Swampscott  StcUion  on  the  Boston  &  Maine  Bailroad, 

[Parts  per  100,000.] 


Dateof 

Collection. 

Appbabahcb. 

Residue  on 

£Taporation. 

Amiionu. 

• 

1 

6 

lilTBOOBSr 
AS 

Oxygen 

Consumed. 

i 

1 

• 

a 

1 

1 

Albu- 
minoid. 

• 

Si  . 

• 

1 

16246 
16720 
17823 

189«. 

Mar.  11 

June    2 
Aug.  28 

Decided, 
clayey 
,  None. 

None. 

Slight. 
V.  slight. 
None. 

.04 
.02 
.00 

.02 

11.40 
18.10 
15.60 

.0000 
.0000 
.0010 

.0010 
.0022 
.0004 

.0012 

1.46 
1.82 
1.8T 

.0180 
.0600 
.0460 

.0000 
.0021 
.0007 

.05 
.01 

'     .01 

1 

6.3 
7.7 
8.5 

.0030 
.0020 
.0000 

AVt-- 

18.37 

.0003 

1.72 

.0877 

.0009 

.02 

7.6 

.0017 

|| 

Odor,  none. A  distinctly  earthy  odor  was  developed  In  the  first  sample  on  heating. 


Microscopical  Examination, 


No  organisms. 
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8WAMPSCOTT  AND  NAHANT, 

Chemical  Examination  of  Water  from  Test  Wells  at  the  Southerly  End  of  Thomp- 
son's Meadow  in  Swampscott  and  Salem, 

[PftrU  per  100,000.] 


a 


^3 
s 


17104 
17105 
17106 
17107 
17581 
17580 
17616 
17621 
17656 


189«. 

Aug.  1 

Aug.  1 
Aug.  1 
Aug.  1 
Oct.  8 
Oct.  4 
Oct.  7 
Oct.  10 
Oct.  15 


ArPBAKANCB. 


o 

o 


None. 
Nooe. 

Sltffht. 

clayey. 
DlatlDct, 

clayey. 
Nooe. 

None. 

None. 

None. 

V.elight. 


V.  slight. 
Slight. 

Heavy, 

sandy. 
Cons., 

sandy. 
V.  slight. 

V.  slight. 

V.  slight. 

V.sllght. 

Slight, 
earthy. 


.03 
.02 
.05 
.07 
.03 
.02 
.01 
.00 
.00 


• 

§ 

Amiiomia. 

Residue  on 
Evapora 

1 

Albn- 
mlnoid. 

10.40 

.0000 

.0016 

10.40 

.0002 

.0014 

10.80 

.0000 

.0000 

10.20 

.0000 

.0004 

9.00 

.0012 

.0016 

9.20 

.0002 

.0010 

0.30 

.0002 

.0018 

0.80 

.0008 

.0020 

10.50 

.0002 

.0006 

1.40 
1.02 
1.01 
1.18 
1.12 
1.11 
1.06 
1.05 
1.08 


KlTHOOBN 
AS 


S 

s 


i 

5 
2 


.0000 
.0060 
.0000 
.0050 
.0030 
.0050 
.0120 
.0120 
.0070 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


a 

s 
m 
c 

s 

8 


B 


(3 
8 


.04 

8.7 

.03 

5.1 

.03 

6.2 

.04 

4.0 

.06 

8.0 

.06 

4.2 

.02 

4.3 

.04 

4.0 

.03 

4.6 

.0020 
.0030 
.0080 
.0140 
.0160 
.0060 
.0070 
.0080 
.0100 


Odor  of  the  last  sample,  faintly  earthy,  disappearing  on  heating;  of  the  others,  none.— ~ The  sam- 
ples were  collected  as  follows :  No.  17104,  from  a  spring  near  the  roadside  at  southerly  end  of  Tbomp- 
Bon*s  Meadow ;  No.  17105,  from  a  spring  in  Thompson's  Meadow,  about  400  feet  north  of  Peabody  Koad 
and  300  feet  west  of  railroad;  No.  17106,  from  a  tubular  well  about  25  feet  from  the  latter  spring;  No. 
17107,  from  a  tubular  well  about  400  feet  north  of  the  Peabody  lload  and  125  feet  from  the  railroad ;  the 
last  Ave  samples,  from  the  pump  drawing  water  from  a  gronp  of  6  tubular  wells  at  the  southerly  end 
of  Thompson's  Meadow,  during  a  pumping  test  of  twelve  days*  duration.  The  first  sample  (17581)  was 
collected  on  October  8,  about  an  huur  after  pumping  began,  and  the  la«t  sample  was  collected  on  the  laat 
day  of  the  test. 

Microscopical  Examination. 

An  tnslgnlflcant  number  of  organisms  was  found  in  samples  Nos.  17104, 17105  and  17107;  no  organ- 
iBms  were  found  in  the  remaining  samples. 

Chemical  Examination  of  Water  from  a  Potid  in  Swampscott. 

[ParU  per  100,000.] 


I 


a 

"8 
I 


16248 


Mar.U 


ArPBABAKCB. 


I 


8 


None. 


V.  slight. 


2 

o 


.50 


Kesiol'b  on 

EVAPOBA- 
TIOM. 


I 


O  ^ 


3.60 


1.60 


AvMoniA. 


i 


.0000 


Albuminoid. 


1 

2 

► 

1 

s 

• 

1 
a 

.0120 


S 

e 


.56 


NlTBOOBN 
AS 


I 


S 

•c 


.0020 


.0000 


B 

a 
m 
C 
o 

B 

I 

M 

o 


.65 


1.4 


Odor,  distinctly  vegetable  and  mouldy.  ^—  The  sample  was  collected  from  the  outlet  of  a  small  pond 
on  a  brook  in  the  north-westerly  part  of  Swampscott. 

Microscopical  Examination, 

An  Insignificant  number  of  organisms  was  foand  in  tblB  sample. 


-J 
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TAUNTON, 


Water  Supply  of  Taunton. 


Chemical  Examination  of  Water  from  Assawompselt  Pond^  Lajceville, 

[Parti  per  100,000.] 


I 

a 


S 

I 
I 

O 


15900 
10142 
16304 
16487 
16675 
16855 
17071 
17280 
17550 
17726 
17060 
18178 


1896. 

Jan. 27 

Feb.  24 
Mar.  23 
Apr.  27 
May  25 
Jane  22 
July  27 
Aog.24 
Sept.28 
Got.  26 
Nov.24 
Dee.  21 


Appbarakoi. 


•3 

s 
H 


a 

9 


i 

o 


Slight. 

Slight. 

Slight. 

Slight. 

Distinct, 
green. 
Slight. 

Slight. 
Slight. 

Slight. 

Slight. 

Slight. 

Cona. 

Slight. 

Blight. 

V.  alight. 

Slight. 

Slight. 

Slight. 

V.  alight. 

V.  alight. 

Slight. 

V.  alight. 

Slight. 

Slight. 

.82 
.38 
.40 
.40 
.40 
.38 
.85 
.80 
.80 
.18 
.22 
.30 


Rbsidub  om 

Evapora- 

tion. 

H 

Loaaon 
Ignition. 

3.45 

1.75 

8.75 

1.15 

2.05 

1.40 

3.55 

1.20 

4.10 

1.60 

4.85 

2.60 

3.75 

1.80 

8.25 

1.15 

3.50 

1.85 

3.15 

1.20 

8.25 

1.80 

3.45 

1.60 

AmioMiA. 


Albaminold. 

• 

if 

i 

« 

i 

3 

I 

-1 

c 

o 

s  o. 

k 

f- 

O 

00 

.0010 
.0002 
.0006 
.0008 
.0008 
.0022 
.0022 
.0004 
.0004 
.0008 
.0002 
.0006 


.0156 
.0102 
.0186 
.0174 
.0166 
.0172 
.0204 
.0176 
.0182 
.0104 
.0156 
.0106 


.0140 
.0182 
.0156 
.0158 
.0144 
.0162 
.0170 
.0166 
.0162 


.0016 
.0010 
.0030 
.0016 
.0022 
.0010 
.0034 
.0010 
.0020 


.0182  .0012 
.01381.0018 
.0162.0034 


o 


.53 
.51 
.40 
.50 
.48 
.53 
.54 
.56 
.55 
.61 
.61 
.61 


NiTIOOKK 

Aa 


8 
S 


.0020 
.0000 
.0050 
.0050 
.0080 
.0030 
.0050 
.0000 
.0050 
.0050 
.OOftO 
.0000 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0001 


s 

s 

I 

B 

& 

& 


.55 
.53 
.58 
.62 
.55 
.56 
.48 
.42 
.56 
.40 
.43 
.51 


Si 


0.0 
1.6 
1.0 
1.0 
1.0 
0.0 
0.5 
0.6 
1.0 
0.6 
0.8 
1.8 


Averages  by  Tears, 


. 

1887* 

- 

- 

.45 

8.68 

J.  57 

.0005 

.0180 

- 

- 

.48 

.0015 

. 

- 

• 

- 

1888t 

- 

- 

.80 

4.20 

1.85 

.0001 

.0238 

- 

- 

.45 

.0030 

.0001 

- 

- 

- 

1801t 

- 

- 

.03 

2.80 

1.02 

.0000 

.0157 

.0110 

.0047 

.46 

.0025 

.0000 

1 

- 

0.4 

- 

^  1804 

- 

- 

.83 

3.S2 

1.26 

.0003 

.0167 

.0132 

.0025 

.51 

.0021 

.oooo' 

.48 

0.7 

- 

1805 

- 

- 

.86 

8.84 

1.54 

.0005 

.0185 

.0157 

.0028 

.53 

.0018 

.0000 

.50 

0.7 

- 

1806 

- 

- 

.88 

8.58 

1.47 

.0008 

.0170 

.0160 

.0010 

.54 

.0082 

.0000 

1' 

.52 

0.9 

*  June  and  September. 


t  January  and  May. 


X  December,  two  aamplea. 


Note  to  analyaea  of  1806 :    Odor,  generally  vegetable,  frequently  none. The  aamplea  were  col- 
lected from  the  pond,  at  the  Intake  of  the  Taunton  Water  Worka. 


1 
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TAXTNTON. 

Microscopical  Ezaminalion  of  Water  from  AssatoompseU  Pond^  Lakeville. 

[Number  of  orgaoiama  per  cnbio  oeotlmeter.] 


189«. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1 

Oct 

Nov. 

Dec 

Day  of  •xamloatiOD,       .       . 

28 

26 

26 

0 

27 

23 

30 

26 

20 

28 

27 

28 

Number  of  sample,  .... 

16060 

16142 16304 16487 

1 

16676 

16866 

17071 

17280 

17660 17726 17060 

1 

18178 

PLANTS. 

DlatomaceaB 

11 

64 

210 

35 

27 

16 

18 

11 

17 

110 

90 

74 

Aateriooella,      .... 

Cyclotella, 

Piatoma,    ..... 

Frat^Iaria, 

Meloaira, 

Bynedra 

Tabellarla,         .... 

0 
1 

0 
0 
0 
6 
4 

44 

3 

0 

0 

10 

11 

16 

41 

1 

63 

16 
86 
23 
31 

17 
1 
0 
0 

16 
2 
0 

6 
18 
0 
0 
8 
0 
Q 

8 
0 
0 
0 
8 
0 
0 

0 
0 
0 
1 

10 

1 
1 

0 
0 
0 
0 

11 

0 
0 

0 
0 
2 
0 
12 
8 
0 

84 

6 
0 
0 
64 
16 
0 

24 
2 
0 
0 

64 
4 
6 

68 

0 
0 

4 

0 

12 

0 

CyanophyceaB, 

0 

0 

0 

0 

24 

1 

0 

0 

0 

0 

0 

0 

MerUmoprdia 

Mlcrocyatla,       .... 

0 
0 

0 
0 

0 
0 

0 
0 

14 
10 

0 

1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Alflred,  Protococcni, 

8 

0 

14 

7 

0 

27 

0 

8 

0 

0 

0 

0 

ANIMALS. 

Bhizopoda,  AcUaophrya, . 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

InftiBoria, 

5 

89 

770 

2 

0 

83 

1 

11 

8 

0 

0 

0 

Dinobryon,        .... 
Mallomonaa,      .... 

Monaa, 

Peridinium 

Tracbelomonas,        .       •       . 

5 
0 
0 
0 
0 

86 
0 
0 
8 
0 

760 
0 

1 
8 
1 

2 
0 
0 
0 
0 

0 
0 
0 
0 
0 

SO 
2 
0 
2 
0 

0 
0 
0 
0 

1 

1 

0 
2 
6 
2 

2 
0 
0 

1 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Vermes.  Rotatorian  ova,    . 

0 

t 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Crustacea,  Cyclopa, . 

0 

0 

0 

0 

0 

.08 

0 

0 

.02 

0 

0 

0 

Miiceltaneout, 

0 

20 

20 

0 

0 

4 

10 

80 

10 

0 

4 

60 

A  carina, 

Zottgloea 

0 

0 

0 
20 

.09 
20 

!       0 
0 

0 
0 

.02 

4 

0 
10 

0 

30 

0 
10 

0 
0 

0 
0 

0 
60 

Total, 

10 

105 

1.014 

\     44 

61 

82 

24 

66 

81 

110 

00 

1S4 
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TAUNTOK. 

Chemical  Examinalion  of  Water  from  Elder's  Pond,  Lakeville, 

[Parti  per  100,000.] 


• 

1 

1 

APPSABiJrCB. 

RsaiouK  ON 

EVAPOIA- 

Tion. 

Ammonia. 

6 

a 

1 

O 
.53 

NiTBOOBN 
AS 

• 

•s 

B 

a 
» 

1 

a 

M 

o 

i 

1 

• 

1 

Lost  on 
Ignition. 

1 

Albamlnold. 

• 

1 

2 

• 

1 

5 

»: 

1 

a 

ft 

1 

1 
1 

Sus- 
pended. 

• 

1 

15001 

1896. 

Jan.  27 

Slight. 

None. 

.03 

2.35 

0.85 

.0022 

.0122 

.0110 

.0012 

.0000 

.0000 

.21 

0.6 

16143 

Feb.  24 

Slight. 

Slight. 

.07 

a.oo 

0.05 

.0008 

.0184 

.0144 

.0040 

.40 

.0000 

.0000 

.22 

0.3 

10305 

Mar.  23 

Slight. 

Slight. 

.07 

2.15 

0.85 

.0006 

.0232 

.0138 

.0094 

.49 

.0000 

.0000 

.25 

0.6 

16486 

Apr.  27 

V.  slight. 

Slight. 

.07 

2.76 

0.95 

.0006 

.0168 

.0152 

.0016 

.48 

.0050 

.0001 

.20 

0.7 

16674 

May  25 

Slight. 

SUght. 

.05 

2.05 

0.90 

.0002 

.0146 

.0132 

.0014 

.40 

.0040 

.0000 

.21 

0.5 

16854 

JuDe22 

None. 

V.  alight. 

.04 

2.60 

1.05 

.0004 

.0146 

.0118 

.0028 

.50 

.0000 

.0000 

.21 

0.7 

17070 

July  27 

Slight. 

Slight. 

.10 

3.15 

1.15 

.0000 

.0102 

.0160 

.0032 

.48 

.0030 

.0000 

.24 

0.8 

17281 

Ang.24 

V.  slight. 

Slight. 

.08 

2.50 

0.95 

.0000 

.0176 

.0136 

.0040 

.41 

.0000 

.0000 

.23 

0.4 

17558 

Sept.28 

Slight. 

SUght. 

.03 

2.06 

0.95 

.0002 

.0158 

.0132 

.0026 

.40 

.0030 

.0000 

.30 

0.4 

17725 

Oct.  26 

V.  slight. 

V.  slight. 

.03 

2.60 

0.85 

.0002 

.0172 

.0160 

.0012 

.52 

.0030 

.0000 

.19 

0.6 

17950 

Nov.  24 

Slight. 

V.  slight. 

.05 

2.90 

0.95 

.0000 

.0166 

.0152 

.0014 

.53 

.0020 

.0000 

.21 

0.4 

18174 

Dee.  21 

None. 

V.  slight. 

.03 

2.55 

1.10 

.0006 

.0162 

.0130 

.0032 

.54 

.0000 

.0000 

.12 

0.3 

Averages  by  Tears, 


1887* 

. 

- 

.00 

2.50 

0.58 

.0004 

.0130 

- 

• 

.41 

.0030 

. 

- 

- 

- 

18881 

- 

- 

.05 

2.00 

0.46 

.0000 

.0138 

- 

- 

.35 

.0000 

.0000 

- 

- 

- 

1891^ 

- 

- 

.00 

2.08 

0.90 

.0000 

.0143 

.0120 

.0023 

.40 

.0010 

.0001 

- 

0.8 

- 

1894 

- 

- 

.04 

2.32 

0.94 

.0004 

.0135 

.0120 

.0015 

.42 

.0015 

.0000 

.17 

0.4 

- 

1805 

- 

- 

.05 

2.57 

0.98 

.0001 

.0161 

.0143 

.0018 

.46 

.0018 

.0000 

.22 

0.5 

- 

1896 

- 

- 

.05 

2.70 

0.96 

.0005 

.0169 

.0139 

.0030 

.50 

.0017 

.0000 

.22 

0.5 

September. 


fMay. 


t  Deoember,  two  samples. 


Note  to  analyses  of  1896 :  Odor,  generally  faintly  vegetable  or  mouldy,  sometimes  none.    The  odor 

generally  became  stronger  on  heating. The  samples  were  collected  from  the  pond,  near  the  gate- 

hoose  of  the  Taunton  Water  Worlta. 
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TAUNTOX. 

Microscopical  Examination  of  Water  from  Elder's  Pond,  Lakeville, 

[Number  of  orgaoisms  per  cable  centimeter.] 


1896. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

Day  of  ezaminatioo. 

28 

26 

25 

80 

27 

28 

80 

26 

20 

28 

27 

23 

Number  of  aample, .... 

16061 

16148 

1680516486 

16674 

16854 

17070 

17281 

17668 

in25 

17960 

18174 

PLANTS. 

Diatomaoeee 

0 

7 

6 

6 

8 

1 

10 

0 

21 

12 

52 

44 

Aateiionella,      .... 

Ovclotella, 

Meloaira, 

Navicula, 

Bynedra, 

0 
0 
0 
'  0 
0 

6 
0 
0 
0 
1 

0 
8 
0 
0 
8 

0 
0 
0 
0 
6 

0 
0 
0 
2 
1 

0 
0 
0 
0 

1 

8 
0 
0 
0 
2 

0 
0 
0 
0 
0 

18 
0 
0 
2 
1 

5 

0 
0 
8 

4 

42 
0 

10 
0 
0 

26 

16 

0 

0 

2 

Cyanophyceee, 

0 

0 

0 

0 

0 

46 

34 

87 

265 

7 

te 

0 

Anabsena,  ..... 
Meriamopedla,  .... 
MicrooysUa 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

40 
0 
8 

0 
14 
20 

0 

11 

26 

0 

11 

244 

7 
0 
0 

0 

0 

18 

0 
0 
0 

AlflTCe, 

0 

0 

0 

0 

0 

48 

0 

9 

0 

16 

0 

16 

CoBlaatrom,        .... 

ProtococoQS 

Rapbldium,        .... 
Btanrogenia,      .... 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

17 

18 

18 

0 

0 
0 
0 
0 

0 

8 

1 
0 

0 
0 
0 
0 

0 

4 
4 
7 

0 
0 
0 
0 

0 

0 

16 

0 

ANIMALS. 

InftiBoria 

72 

81 

77 

0 

0 

7 

82 

40 

82 

2 

46 

6 

Dinobryon 

Mallomonaa,      .... 
Monaa,        ..... 
Peridiniam,       .... 

72 
0 
0 
0 

81 
0 
0 
0 

77 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

7 

0 

0 

0 

82 

0 

0 

0 

40 

22 
7 
8 
0 

2 
0 
0 
0 

46 
0 
0 
0 

8 
0 
0 
0 

Vermes,  Rotifer 

0 

0 

0 

0 

t 

0 

0 

0 

1 

0 

0 

0 

Crustacea,  Oyelopa,  . 

0 

0 

.ot 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

Jilicetlaneoui, 

0 

0 

6 

0 

0 

0 

10 

25 

6 

0 

20 

Aearloa,     ..... 
Zo<}gl(Ba,    ..... 

0 
0 

0 
0 

.04 
6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
10 

0 
25 

0 
5 

0 
0 

0 
20 

Total, 

72 

88 

88 

6 

6 

00 

76 

06 

834 

41 

116 

88 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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TAUNTON. 

Chemical  Examination  of  Water  from  the  Filter-basin  of  the  Taunton   Water 

Works, 


[PftrU 

per  100,000.] 

• 

• 

1 

Appbabaxob. 

Kksiddk  on 

EVAPORA- 
TIOM. 

Ammohia. 

1 

i 

MtTKOQKM 
At 

• 

a 

a 
• 

1 

M 
O 

• 

a 

1 

1 

I 

Lost  on 
Ignition. 

1 

Albuminoid. 

• 

3 
1 

• 

1 

a 
9i 

1 

1 

s 

00 

1 

09 

189«. 

1«488 

Apr.-rr 

Blight. 

Slight. 

.25 

4.75 

1.85 

.0000 

.0170 

.0120 

.0050 

.62 

.0350 

.0008 

.23 

1.5 

10676 

May  25 

Distinct, 
white. 

Slight, 
white. 

.02 

6.25 

1.45 

.0024 

.0124 

.0000 

.0034 

.67 

.0400 

.0008 

.09 

1.7 

17282 

Aiig.24 

DUtinct. 

Slight, 

.03 

5.15 

1.55 

.0000 

.0182 

.0108 

.0074 

.66 

.0400 

.0010 

.11 

1.5 

18175 

Dec.  21 

Decided. 

green. 
Slight. 

.02 

4.20 

1.40 

.0006 

.0184 

.0078 

.0056 

.70 

.0450 

1 

.0001 

.10 

1.6 

Averages  by  Years. 


• 

1887* 

- 

- 

.29 

5.66 

- 

.0017 

.0092 

- 

- 

.00 

.0167 

. 

. 

. 

- 

1888 

1 

- 

.47 

5.40 

- 

.0010 

.0120 

- 

- 

.53 

.0150 

.0001 

- 

- 

- 

1880 

1 

- 

.29 

5.12 

- 

.0012 

.0073 

- 

- 

.57 

.0185  .0001 

- 

- 

* 

1890 

_ 

- 

.33 

5.91 

- 

.0012 

.0087 

- 

- 

.57 

.0227.0001 

- 

1.9 

- 

1891 

- 

- 

.35 

5.25 

1.49 

.0014 

.0073 

- 

- 

.55  1 

.0212  .0000 

- 

1.7 

- 

1892 

- 

- 

.60 

5.53 

1.65 

.0005 

.0124 

- 

- 

.58 

.0147 

.0001 

- 

1.6 

- 

1893 

- 

- 

.82 

5.41 

1.82 

.0026 

.0149 

- 

- 

.57 

.0114  .0001 

.68 

1.4 

- 

1894 

1 

- 

.26 

4.86 

1.16 

.0008 

.0132 

.0095 

.0037 

.55 

.0175  .0001 

.29 

1.2 

- 

1895 

- 

- 

.07 

4.08 

1.28 

.0011 

.0141 

.0086 

.0055 

.57  1 

.0254.0003 

.15 

1.4 

- 

1896 

1 

- 

.08 

4.84 

1.44 

.0007 

.0152 

.0099 

.0053 

1 

.66, 

.0400.0005 

.13 

1.6 

*  Jane  to  December. 


NOTB  to  annlysee  of  1896 :  Odor  of  the  flret  sample,  faintly  mooldy,  becoming  distinctly  veitetable 
and  graaay  on  heating;  of  the  second,  unpleasant;  of  the  third,  none;  of  the  lant,  faintly  fishy  and  oily, 
becoming  stronger  on  heating.  —  The  samples  were  collected  from  the  fiiter>basin.  Water  from  this 
•oaroe  was  osed  during  the  year  1896  for  only  two  days  In  the  month  of  April. 
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TAUNTON', 

Microscopical  Examination  of  Water  from  the  Filler-basin  of  the  Taunton  Water 

Works. 


PLANTS. 
PiatomaceaDi 

Asterlonella, 

Fntgllaria 

Hflodlra, 

Navicula, 

Syuedra, 

Cyanophyceaa 

Anabenn,       .       •       •       •       • 
Merlamopedla,       •       .       •       . 

AlfiTO 

Eudorina, 

I'rotococcufl, 

Uaphidlam,    .       .       •       .       . 

Fungi,  MoIdM, 

ANIBIALS. 
Infusoria 

Dinobryon,     

F«rldlolufn, 

TrachttlomoDas,     •       •       •       . 

Vermes 

Aourea, 

Poiyartbra, 

lflM«ltefMOtt«,  ZottglcBft,      • 

Total, 


[Namber  of  organlsma  per  cubic  ceotlmetei 

".] 

1S96. 

April. 

May. 

Angust. 

December. 

Day  of  examloatloD.  •• 

80 

16488 

27 
16«76 

20 
17282 

28 

Namber  of  aample 

18175 

t,020 

M 

800 

1,820 

0 

0 

0 

700 

87 
2 
0 

1 

44 

0 
20 
10 

2 
208 

0 

5 

0 

0 
0 

8 
2 

0 
0 

0 

14 

4 

0 
0 
0 

6 
0 
8 

0 

4 
0 

0 

0 

8 

88 

28 
0 
2 
0 

08 


0 
0 


18 

a 

8 
0 


0 
7 
0 


0 
0 


80S 

It 

104 

0 

200 

12 

1 

0 

0 

8 

0 

6 

0 

2 

It 

0 

12 

0 


0 
0 


to 


2,027 


408 


8ft2 


120 
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TISBTJIIY. 

Water  Supply  op  Tisbury.  —  Vineyard  Haven  Water  Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  at  Taahmoo  Spring. 

[Parts  per  100,000.] 


I 


o 

S 


17091 


July  20 


A^r 

t 

1 

I 

J 

i 

S 

1 

§ 

None. 


V.ilight. 


.00 


§ 


3.00 


Ammonia. 


I 


B 

el 


3 


.0000 


.0000 


e 

i 


.06 


MiTBOOBM 


8 
C 


.0070 


.0000 


a 

p 

s 


.02 


3 

c 

•2 
& 


0.6 


.0000 


Odor,  faintly  earthy,  beoomlog  dietlnetly  vegetable  on  heating.— The  eample  wae  coUeoted  from 
a  faucet  at  the  pnmping  itation,  while  pnmplng. 


Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  this  sample. 


Water  Supply  of  Uxbridge. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Uxbridge 
relative  to  the  quality  of  the  water  in  the  well  in  Capron's  Mill  Yard, 
which  has  been  used  as  an  auxiliary  source  of  public  water  supply  for 
the  town,  may  be  found  on  pages  42  and  43  of  this  volume.  An 
analysis  of  a  sample  of  water  collected  from  the  well  is  given  below. 

Chemical  Examination  of  Waterfront  a  Well  in  the  Yard  of  Capron^s  Mill.  ' 

[ParU  per  100,000.] 


d 
o 

Apfbasavcb. 

§ 

Ammonia 

lfflTBO«Bll 

• 

5 

s 

AS 

a 

1 

s 

Date  of 

Colle< 

6 

1 

1 

1 

Residue  on 
Evil  port 

• 

t 

1 

a 

i 
6 

• 

1 

S 

1 

1 
as 

Oxygen 

Consi] 

• 

§ 

o 

12 

« 

1 

189«. 

16774 

June  11 

None. 

V.  slight. 

.01 

10.40 

.0000 

.0060 

.44 

.6600 

.0000 

.09 

4.2 

.0020 

Odor,  very  faint  or  none. 


Microscopical  Examination, 


ICiscellaDeons,  Zodgkta,  80. 
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WAKEFrELD  AND  STONEHAM, 

Water   Supply  or  Wakefield  and  Stoneham.  —  Wakefield 

Water  Company. 


Chemical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 

[ParU  per  100,000.] 


I 


10224 
16746 
174M> 
18112 


e 
o 

1 

% 

m 


Mar.  10 
Jaoe  8 
Sept.l4 
Deo.  14 


Appiabamob. 


^ 

^ 


o 


Dlatlnet. 
V.  alight. 
Slight. 
Slight. 


Slight. 

V.  alight. 

Slight, 

green. 
Slight. 


.20 
.20 
.28 
.10 


Kksiduk  ok 

EVAPOBA- 

TfON. 

e 

o 

^3 

c5 

.J 

®s 

1 

r 

4.46 

1.86 

4.80 

1.46 

4.70 

1.46 

4.80 

1.10 

Ammovxa. 


Albuminoid. 


1 


.0008 
.0022 
.0024 
.0030 


.0162 
.0160 
.0224 
.0164 


.0148 
.0142 
.0174 
.0180 


e 


.0014 
.0018 
.00601 
.0024 


1 


.68 

.70 
.71 
.74 


NlTBOQKK 

Aa 


! 

9i 


.0200 
.0170 
.0000 
.0160 


I 


.0001 
.0001 
.0000 
.0000 


1 

a 
a 

a 

a 

9> 


o 


.28 
.26 
.27 
.34 


i 

a 

I 

a 


2.0 
2.1 
1.0 
2.1 


Averages  by  Tears. 


. 

1887* 

- 

- 

.17 

3.73 

0.91 

.0006 

.0174 

- 

- 

.61 

.0048 

. 

. 

- 

- 

1888t 

- 

- 

.13 

3.69 

0.92 

.0009 

.0167 

- 

- 

.48 

.0080 

.0001 

- 

- 

- 

1889t 

- 

- 

.10 

3.60 

0.87 

.0009 

.0141 

.0119 

.0022 

.49 

.0163 

.0002 

- 

- 

- 

1890§ 

- 

- 

.26 

4.22 

1.86 

.0001 

.0871 

.0190 

.0181 

.46 

.0090 

.0001 

- 

- 

180111 

- 

- 

.08 

4.17 

1.60 

.0008 

.0160 

.0129 

.0081 

.47 

.0146 

.0001 

- 

- 

1898 

- 

- 

.14 

8.81 

1.27 

.0028 

.0164 

.0141 

.0023 

.67 

.0108 

.0001 

.26 

- 

1894 

- 

- 

.16 

4.89 

1.26 

.0011 

.0166 

.0186 

.0019 

.67 

.0106 

.0001 

.24 

« 

1896 

- 

- 

.18 

4.46 

1.60 

.0028 

.0166 

.0140 

.0020 

.71 

.0087 

.0000 

.82 

- 

1896 

- 

- 

.10 

4.66 

1.84 

.0021 

.0176 

.0148 

.0027 

.71 

.0180 

.0000 

.26 

*  Jone  to  December. 
§  Three  In  October. 


t  January  to  October. 
II  May  and  November. 


X  Janoary,  March  and  June. 


Non  to  analyaea  of  1806 :  Odor  In  March  and  December,  dlatlnctly  Tegetable  and  mooldy ;  at  other 
tlmea,  faintly  Tegetable,  becoming  atronger  on  heating.  ^-*  The  aamplea  were  collected  from  a  faacet  at 
the  pumping  atation. 
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WAKEFIELD  AND  STOKBHAM. 

Microscopical  Examination  of  Water  Jirom  Crystal  Lake^  Wakefield, 

[Number  of  orgaoiimi  per  coble  eeotlmeter.] 


1896. 


Mar. 


Jane. 


Sept. 


Dec. 


Day  of  examlDetioD, 
Nomber  of  eample, 


11 

18224 


11 
16740 


15 
17450 


15 
18112 


PLANTS. 


DiatomsoeaD, 


Asterionellm,  . 

Cyelotellm, 

Meloslra, 

NaviouU, 

Btepbanodiecua, 

fivDedra,  .       • 

Tabellaria.      . 


Cyanophyoeaa, 


Anabeoa,       • 
CcBloepberiam, 
Mierocyatla,    . 


AlfiTOt 


CoamaffQm, 
PaDdorina, 
ProtocoecaSi 
Splrogyra, 


ANIBIALS. 


Infusoria, 


Dtnobryon,  • 
MallorooDaa,  • 
PerldlDtam,  • 
Tracbelomonaa, 


Crustacea,  BoamiDa, 


m 

86 

80 

408 

0 

10 

0 

0 

5 

0 

0 

40 

0 

0 

2 

1 

80 

0 

0 

0 

14 

8 

0 

0 

0 

1 

28 

0 

0 

7 

0 

0 

3 

0 

1 

10 

to 

ff 

r 

0 

0 

8 

0 

0 

2 

26 

2 

0 

0 

0 

3 

3il9cellane<m%t  Zodglcea, 


80 

04 
1 
0 
1 


.02 


0 
0 
0 
0 


64 

41 
2 
0 

11 


80 


0 
0 
0 
0 
3 
2 
1 


0 
0 
2 


0 
0 
0 
0 


0 
0 

1 
1 


Total* 


603 


80 


200 


10 
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WAIiPOIiE. 


Water  Supply  op  Walpole. 


Population  in  1895,  2,994.  The  works  are  owned  by  the  town, 
and  were  completed  in  January,  1896.  The  source  of  supply  is  a 
system  of  tubular  wells  in  the  valley  of  Low  Brook,  about  a  third  of 
a  mile  above  its  junction  with  the  Neponsot  River  in  the  southerly 
part  of  the  town.  The  system  consists  of  7  two  and  one-half  inch 
tubular  wells  and  83  two-inch  tubular  wells,  sunk  to  depths  ranging 
from  35  to  60  feet.  The  wells  are  driven  in  two  parallel  lines,  at 
right  angles  to  the  brook,  one  extending  from  the  pumping  station  to 
the  brook  and  the  other  line  about  50  feet  away,  extending  across  the 
brook.  Water  from  the  wells  is  pumped  directly  into  the  distribut- 
ing pipes  and  to  two  covered  iron  tanks,  one  at  East  Walpole,  25 
feet  in  diameter  and  45  feet  high,  and  the  other  at  South  Walpole, 
20  feet  in  diameter  and  35  feet  high.  Distributing  mains  are  of  cast 
iron,  and  service  pipes  are  chiefly  of  wrought  iron,  lined  with  cement. 

Chemical  Examinatioih  of  Water  from  the  Wells  of  the  Walpole  Water  Works, 

[Parta  per  100,000.] 


Date  Of 

Collection. 

Appkaramck. 

Besidoe  on 
Evaporation 

Ammonia. 

a 

MlTROOKM 
AS 

Oxygen 

Conaamed. 

• 

1 

p 

• 

IS 

tm 

a 

1 

i 

1 

AltMl- 

minoid. 

1 

i 

1 

18111 

Feb.  19 

None. 

v.  alight. 

.00 

8.80 

.0000 

.0000 

.27 

.0060 

.0000 

.01 

1.8 

.0050 

16439 

Apr.  20 

None. 

V.elight. 

.00 

4.60 

.0002 

.0006 

.80 

.0080 

.0000 

.00 

1.1 

.0080 

16702 

June  15 

N^one. 

None. 

.00 

8.00 

.0000 

.0000 

.28 

.0020 

.0000 

.02 

0.0 

.0000 

17229 

Aug.  18 

N^one. 

None. 

.01 

8.40 

.0004 

.0014 

.24 

.0070 

.0000 

.04 

0.8 

.0000 

17667 

Oct.    19 

None. 

None. 

.00 

8.60 

.0000 

.0004 

.27 

.0080 

.0000 

.00 

0.0 

.0010 

18110 

Deo.  14 

1 

None. 

None. 

.00 
.00 

8.20 

.0012 

.0006 

.29 

.0020 

.0000 

.01 

1.0 

.0000 

Av.. 

8.58 

.0008 

.0005 

.27 

.0050 

.0000 

.01 

1.0 

.001& 

1 

Odor,  none.    On  heating,  a  faintly  earthy  odor  waa  developed  In  the  Febmary  and  Augnat  aamplea. 

The  flrat  two  aamplea  were  collected  from  a  faaeet  at  the  pnmplng  atatlon;  the  remaining  aamplea, 

from  one  of  the  tnbalar  wella  at  the  pumping  station. 


Microscopical  Examination, 

An  inalgniflcant  number  of  organiama  was  found  in  aampU  No.  16111;  no  organtama  wero  found 
in  the  remaining  aamplea. 
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WAI.THAM. 


Water  Supply  op  Waltham. 


Chemical  ExamtncUvm  of  Water  from  the  WeU  and  Filter-basin  of  the  Waltham 

Water  Works, 


[Parte  per  100,000.] 

Date  of 

Collection. 

ArPKABAKCB. 

• 

§ 
•  -• 

Ammoiiia. 

i 

NiTioasN 
▲a 

• 

1 

a 

a 

1 

1 

& 

1 

1 

i 

6 

i 

1 

< 

1 
1 

8 

lfi927 

Jan.  22 

None. 

None. 

.02 

7.00 

.0040 

.0012 

.66 

.0280 

.0000 

.06 

3.5 

.0200 

10007 

Feb.  19 

None. 

None. 

.02 

7.60 

.0040 

.0082 

.62 

.0270 

.0000 

.04 

8.2 

.0050 

16279 

Mar.  18 

None. 

None. 

.04 

6.90 

.0028 

.0020 

.66 

.0280 

.0001 

.06 

8.4 

.0110 

16802 

Apr.  13 

None. 

None. 

.00 

7.60 

.0018 

.0010 

.86 

.0220 

.0000 

.06 

8.6 

.0120 

16612 

May  20 

None. 

None. 

.00 

7.15 

.0006 

.0012 

.58 

.0250 

.0000 

.04 

8.6 

.0180 

16847 

Jane  22 

None. 

None. 

.06 

7.06 

.0082 

.0016 

.64 

.0180 

.0000 

.04 

8.6 

.0185 

16072 

Jaly  18 

None. 

V.aUght. 

.08 

8.20 

.0044 

.0004 

.66 

.0100 

.0000 

- 

4.0 

.0210 

17242 

Aug.  19 

None. 

None. 

.06 

7.60 

.0050 

.0012 

.40 

.0100 

.0000 

.09 

8.9 

.0240 

17440 

Sept.  14 

None. 

None. 

.02 

7.30 

.0028 

.0026 

.52 

.0140 

.0000 

.06 

8.6 

.0100 

17661 

Oct.   19 

V.  slight. 

V.aUght. 

.04 

7.70 

.0046 

.0088 

.58 

.0160 

.0000 

.08 

8.6 

.0200 

17006 

Not.  18 

None. 

None. 

.08 

6.95 

.0082 

.0022 

.69 

.0200 

.0000 

.06 

3.5 

.0185 

18177 

Dee.  22 

None. 

None. 

.08 

6.96 

.0048 

.0016 

.68 

.0900 

.0000 

.06 

4.0 

.0200 

Averages  by  Tears. 


- 

1887* 

- 

- 

.00 

6.71 

.0007 

.0038 

.47 

.0250 

- 

- 

- 

- 

- 

1888 

- 

- 

.00 

6.70 

.0000 

.0054 

.46 

.0278 

.0008 

- 

- 

- 

- 

1889t 

- 

- 

.00 

6.44 

.0006 

.0034 

.48 

.0362 

.0002 

- 

- 

- 

- 

18901 

- 

- 

.00 

- 

.0000 

.0012 

.47 

.0880 

.0002 

- 

- 

- 

- 

1892 

- 

- 

.00 

6.81 

.0088 

.0027 

.45 

.0162 

.0000 

- 

8.4 

.0034§ 

- 

1898 

- 

- 

.01 

6.86 

.0086 

.0022 

.47 

.0170 

.0000 

.06 

3.4 

.0020 

- 

1894 

- 

- 

.02 

6.75 

.0028 

.0010 

.51 

.0102 

.0000 

.06 

8.1 

.0044 

- 

1896 

- 

- 

.08 

7.15 

.0086 

.0024 

.63 

.0108 

.0000 

.05 

8.4 

.0082 

- 

1806 

- 

- 

.03 

7.86 

.0084 

.0018 

.65 

.0104 

.0000 

.06 

8.6 

.0157 

*  Jane  to  December. 


t  January  to  May. 


X  February. 


§  July  to  December. 


Nan  to  analyaea  of  1806:  Odor  of  the  October  aample,  faintly  mouldy,  dlaappearlng  on  heating;  of 
the  others,  none.  ^— The  aamplea  collected  In  August  and  December  were  taken  from  the  fllter>baain; 
the  other  aamples,  from  a  faueet  at  the  pumping  station. 


Microscopical  Examinatio?^ 

An  inslgnlflcant  number  of  organisms  was  found  in  these  samples. 
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WAI.THAM. 

Chemical  ExamtncUion  of  Water  from  the  Distributing  Reservoir  of  the  WaUham 

Water  Works, 

[Parte  per  100,000.] 


Date  of 

Collection. 

ArPBASAVCB. 

Betldue  on 
Evaporation. 

AMM0MI4. 

6 
% 

i 

MITROOBM 
▲8 

Oxygen 

Consumed. 

• 

i 

s 
•H 

1 

1 

i 

5 

1 

-6 

a 

< 

i 

• 

1 

• 

1 

15928 

Jan.  22 

Dtetlnot. 

Slight. 

.04 

6.80 

.0016 

.0020 

.68 

.0280 

.0000 

.07 

3.6 

.0100 

10096 

Feb.  19 

Distinct. 

V.ellght. 

.02 

7.60 

.0020 

.0018 

.58 

.0280 

.0000 

.04 

3.2 

.0020 

10278 

Mar.  18 

Distinct. 

Slight. 

.10 

7.10 

.0008 

.0112 

.54 

.0250 

.0000 

.08 

8.3 

.0050 

16S91 

Apr.  13 

DlstiDOt. 

Cone., 

.10 

7.80 

.0000 

.0114 

.59 

.0150 

.0001 

.08 

3.3 

.0120 

16641 

May  20 

Slight. 

green. 
Slight. 

.04 

7.00 

.0002 

.0106 

.69 

.0180 

.0002 

.08 

3.6 

.0126 

16848 

June  22 

Slight. 

Slight. 

.06 

6.60 

.0014 

.0102 

.58 

.0150 

.0001 

- 

8.3 

.0085 

16971 
17248 

July  13 
Aug.  19 

DletlDct. 
V.ellght. 

Slight. 

browo. 
V.ellght. 

.04 

8.30 
7.60 

.0012 
.0006 

.0118 
.0116 

.64 

.64 

.0100 
.0070 

.0002 
.0001 

.10 

3.2 
3.4 

.0060 
.0040 

17441 
17662 

Sept.  14 
Oct.  19 

Slight. 
Slight. 

Cone., 

brown. 
Slight. 

.04 
.06 

7.00 
8.00 

.0026 
.0018 

.0038 
.0126 

.64 

.54 

.0180 
.0170 

.0000 
.0001 

.05 
.09 

3.6 
8.4 

.0280 
.0100 

17906 

Nov.  18 

V.ellght. 

V.ellght. 

.08 

7.20 

.0022 

.0018 

.57 

.0180 

.0000 

.04 

8.6 

.0140 

18178 

Dec  22 

Distinct, 
green. 

Slight. 

.05 

7.10 

.0014 

.0108 

.57 

.0170 

.0000 

.10 

3.4 

.0115 

Averages  by  Years, 


1887* 

- 

- 

.00 

6.66 

.0007 

1888 

- 

- 

.00 

6.45 

.0003 

18891 

- 

- 

.00 

6.20 

.0003 

1890^ 

- 

- 

.00 

- 

.0000 

1801§ 

- 

- 

.00 

6.25 

.0000 

1892 

- 

- 

.01 

6.28 

.0006 

1893 

- 

- 

.04 

6.72 

.0006 

1894 

- 

- 

.03 

6.80 

.0007 

1895 

- 

- 

.04 

7.00 

.0016 

1896 

- 

- 

.05 

7.40 

.0018 

.0061 
.0075 
.0079 
.0124 
.0044 
.0082 
.0074 
.0140 
.0085 
.0088 


.46 

.0197 

- 

- 

- 

.46 

.0248 

.0003 

- 

- 

.47 

.0271 

.0003 

- 

- 

.47 

.0280 

.0001 

- 

- 

.40 

.0200 

.0000 

- 

3.0 

.44 

.0119 

.0001 

- 

3.0 

.47 

.0127 

.0001 

.10 

8.1 

.51 

.0078 

.0001 

.09 

8.1 

.63 

.0161 

.0000 

.09 

8.8 

.55 

.0172 

.0001 

1 

.07 

8.4 

.007011 

.0019 

.0082 

.0046 

.0009 


*  June  to  December.      f  January  to  May.      %  February.      $  May.      ||  August  to  December. 


NoTS  to  analyeea  of  1896 :  Odor,  very  faint,  or  none.    On  heating,  an  aromatic  or  dieagreeable  odor 
"Was  developed  in  moat  of  the  eamplee.——  The  eamplee  were  collected  from  the  reaerrotr. 
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WAL.TIIAM. 

Microscopical  Examination  of  Water  from  the  DiatribtUing  Reservoir  of  the 

WaUham  Water  Works. 


[Namber  of  orgaoltmi  per  cnble  centimeter.] 

1896. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examiDetloD, 

28 

21 

10 

14 

22 

28 

14 

20 

15 

20 

20 

24 

Number  of  Mmple, .... 

15028 

16006 

16278 

16391 

16641 

16848 

16971 

17248 

17441 

17662 

17906 

18178 

PLANTS. 

Diatomacece,    .... 

2,882 

2,384 

4,390 

4,808 

3,100 

42 

0 

0 

18 

140 

1 

2,324 

Asterlonella 

Cycloiella 

lielonira, 

Synedra, 

Tabellarla, 

2,880 
0 
0 
2 
0 

2,360 
0 
0 

4 
0 

4,348 

0 

0 

86 

6 

4,704 

0 

0 

104 

0 

2,000 
0 
0 

1,200 
0 

6 
20 

0 
16 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
18 
0 
0 

16 

0 

0 

124 

0 

7 
0 
0 
0 
0 

364 

0 

0 

1,960 

0 

AlffflD*  Raphldlum, 

0 

0 

0 

0 

0 

0 

0 

76 

4 

0 

0 

0 

ANIIIALS. 

InftiBoriai 

0 

s 

0 

0 

0 

1 

0 

0 

0 

4 

0 

0 

Dinobryon 

Monaa 

0 
0 

8 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
4 

0 
0 

0 
0 

Vermes,  AspIaDcbna, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

Mi»ceUaneou$,  Aearloa, .. 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

Total, 

2,882  2,367 

4.390 

4,808 

3,200 

42 

0 

76 

22 

148 

7 

2,824 

The  advice  of  the  State  Board  of  Health  to  the  trustees  of  the 
Massachusetts  School  for  the  Feeble-miuded,  in  Waltham,  relative 
to  the  prevention  of  bad  tastes  and  odors  in  the  water  supplied  to 
that  institution  from  the  city  of  Waltham,  by  covering  the  iron  tank 
in  which  the  water  supplied  to  the  school  is  stored,  may  be  found 
on  page  23  of  this  volume. 
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WALTHAM. 

Chemical  Examination  of  Water  from  Faucets  at  the  Massachusetts  School  for 
Feeble-minded,  supplied  from  the  Waltham  Water  Works. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbabanob. 

Reildae  on 
Evaporation. 

Ammonia. 

6 
6 

NITROQBM 

▲a 

Oxygen 

Coninmed. 

• 

1 
1 

-• 

o 

1 

s 

a 

i 

"3 

i 

Alba- 
minold. 

• 

• 
1 

• 

1 

• 

189«. 

18896 

June  30 

Slight. 

SlUht, 
brown. 

.04 

7.80 

.0004 

.0020 

.66 

.0160 

.0000 

.06 

8.6 

.0110 

10897 

June  80 

V.slivbt, 
milky. 

Slight. 

.04 

7.80 

.0000 

.0022 

.56 

.0160 

.0000 

.07 

8.6 

.0060 

Odor,  none. The  flrit  aample  wai  collected  from  a  faucet,  while  pumping.    This  water  cam* 

directly  from  the  Waltham  lystem,  without  storage  in  the  tank  at  the  aohool.    The  last  sample  was  col- 
lected from  a  faucet  after  the  water  had  been  atored  in  tho  tank  at  the  school  for  about  24  boors. 


Microscopical  Examination. 

No.  16896.    Dlatomaoen,  .i«f0r<on«/to,  160;  ^^n«(fra,  6.    Miscellaneous,  Zb^j^toa,  20.    Total,  176. 
No.  16897.    Dlatomacee,  Aaterionelta,  60;  Synedra,  8.    Mlscellaneoua,  Zodglcta,  6.    Total,  63. 


Water  Supply  op  Ware. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Ware 
relative  to  the  quality  of  the  water  supplied  to  the  town  may  be  found 
on  page  43  of  this  volume. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Ware  Water  Works. 

[Parts  per  100,000.] 


I 

a 

a 


e 
o 


.6 


16862 
17289 
17290 


1896. 

Jane  22 

Aug.  25 
Aug.  25 


Appbaravgb. 


b 

3 

«1 

9 

a 

,. 

1 

i 

1 

H 

n 

o 

None. 

None. 

None. 

None. 

V.  slight. 

Slight. 

.00 
.00 
.00 


o 
o 

§8. 

«  tt 

3  > 


I 


0.60 
7.70 
4.10 


Ammonia. 


i 


e 


.0000 
.0000 
.0000 


.0004 
.0004 
.0004 


3 

JS 


.88 
.64 
.14 


KiTROOBM 
AS 


I 


i 

s 


.6250 
.2260 
.0100 


.0000 
.0000 
.0000 


i 

a 


o 


1 

m 


.01 

3.6 

.02 

8.0 

.02 

1.6 

.0090 
.0000 
.0010 


Odor,  none.  On  heating,  an  unpleasant  odor  was  developed  in  the  last  sample.  —  The  first  sample 
was  collected  from  a  faucet  at  the  pumping  station,  while  pumping  from  the  large  well  and  tabular  wells ; 
the  second,  from  faucet  io  pumping  station  while  pumping  from  the  large  well;  the  last,  from  one  of  the 
tabular  wells. 


No  organisms. 


Microscopical  Examination. 
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WABB. 

Chemical  Examination  of  Water  from  the  Open  Distributing  Beservoir  of  the  Ware 

Water  Works, 

[ParU  per  100,000.] 


• 

g 

Appkasamok. 

• 

Ammoku. 

niTBoajtv 

■ 

1 

1 

b2 

AS 

g 

1 

- 

§ 

1 

Turbidity. 

§ 

00 

i 

§a 

1 

Albu- 
minoid 

i 

s 

• 

1 

5 

Oxygen 

CODi 

i 

o 

i3 

d 

£ 

189«. 

1W«2 

June  26 

Slight. 

Slight. 

.02 

6.00 

.0000 

.0050 

.42 

.0760 

.0020 

.00 

2.4 

.0010 

Odor,  none.  — ^  The  Mmple  was  collected  from  the  reservoir,  no  water  having  been  pumped  into  it 
for  two  days  previous  to  the  collection  of  the  sample. 


Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  In  this  sample. 


Water   Supply  of    Onset  Bay  Fire  District,  Wareham.  — 

Onset  Water  Company. 

Chemical  Examination  of  Water  from  Jonathan's  Pond^  Wareham, 

[Parts  per  100,000.] 


• 

Q 

Appiarancb. 

Kksiddb  cm 
£vAPoaA- 

TION. 

Ammovia. 

i 

•c 

o 

a 

.66 

NlTSOOKM 
AS 

s 

a 
« 
c 

8 

B 

1 
o 

1 
1 

•J 

1 
1 

• 
o 

a 

.03 

t 

• 

1 
J 

1.10 

1 

Albuminoid. 

s 

55 

S 

9i 

i 

9i 

H 

• 

1 

5 

• 

•a 
.OOU 

9 

a 

•E 

« 

17264 

Ang21 

V.  slight. 

V.  slight. 

2.80 

.0000 

1 

.0082 

.0068 

.0020 

.0000 

.09 

0.0 

Odor,  distinctly  vegetable. The  sample  was  collected  from  the  pond. 


Microscopical  Examination, 

The  total  number  of  organisms  per  onblo  centimeter  found  in  this  sample  was  146. 
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WASHINGTON. 


Washington. 


Chemical  Examination  of  Water  from  Clapp^s  Pond,  Washington, 

[ParU  per  100,000.] 


^^^ 



RKSIUCB  OS 

i 

§ 

Appearakcb. 

EVAPOBA- 

Ammonia. 

NlTR(»OKX 

s 
1 

TION. 

AS 

g 

• 

e 

Albuminoid. 

c 

a 

ij 

c 

^2 

"?; 

•o 

• 

« 

« 

5 

• 

• 

m 

1 

a 

2 

2 

a 

■ 

1 

• 

a 

5- 

^^ 

s 

•o 

1    — 

ii 

>• 

a 

a 

w 

o 

o 

3 

M 

« 

.9 

o  a 

'    JS 

^ 

M 

2 

\r^ 

A 

H 

00 

O 

H 

(^ 

H 

Q 

CO        1 

U 

z 

'A 

o 

1896. 

158S8 

Jan.   3 

None. 

Blight. 

1.80 

1 

4.00 

2.00 

.0000 

.0262 

.0240  .0022 
1 

.05 

.0180  .0000 

1 

1.74 

i.i 

Odor,  faintly  vegetable. The  aample  was  collected  from  the  pond  at  Its  outlet. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  oentimoter  found  In. this  lample  was  16. 


Chemical  Examination  of  Water  from  Boaring  Brook,  Washington, 

[Parts  per  100,000.] 


a 

s 
'A 


15837 
10513 


o 

& 


1S9«. 

Jun.   3 

May  1 


Apprarakcb. 


o 


ItRSIDUE  ON 

Evapora- 
tion. 


S 

o 
H 


Is 


I 


Ammonia. 


Albnmlnold. 

• 

1 
1 

•s 

1 

1 

a  A 

fi 

H 

0 

QQ 

NiTROGKN 
AS 


i 


5 


None. 
None. 


Slight. 
V.  slight. 


1.20 
1.25 


4.30 
3.05 


2.60 
2.50 


.0002 


.0228 


.0212  .0016  .04 


.0008  .0292  .02^0 


.0012  1.08 


.0130 


.0000 


.0030  .0001 


•2 
a 

I 


M 

o 


1.54 
1.89 


s 


1.8 
0.0 


Odor  of  the  first  sample,  none,  becoming  faintly  vegetable  on  heating;  of  the  second,  faintly  vege- 
table. —^  The  samples  wore  collected  from  Roaring  Brook  at  the  first  bridge  below  Clapp's  Pond. 


Microscopical  Examination, 

An  Inslgnlfloant  number  of  organisms  was  found  in  these  samples. 
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watebtown  an©  beiimont. 
Water   Supply  op  Watertown   and   Belmont.  —  Watertown 

Water  Supply  Company. 

Chemical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of  the 

Watertown  Water  Supply  Company. 

[Parts  per  100,000.] 


Si 

a 

s 
5^ 


16»44 
16113 
10»ft 
1«401 
16057 
16846 
16062 
17244 
17480 
17687 
17902 
18176 


d 

9 


as 


Jan.  22 
Feb.  19 
&iar.  18 
Apr.  14 
May  21 
Jaoe22 
July  18 
Aag.  19 
Sept.  14 
Oct.  21 
Not.  18 
Dec.  22 


APPEARANCE. 


9 
H 


G 


DUtioct. 

None. 

DiatlDct. 

None. 

Slight. 

DistlDct, 
inllky. 

Distinct, 
milky. 

Decided, 
milky. 

Decided. 

Decided. 

Decided, 
milky. 

Distinct, 
milky. 


Slight. 

V.  slight. 

V.  alight. 

V.  alight. 

Slight. 

Blight. 

Slight. 

Cona. 

Cooa. 

Cona. 

Cona., 

floe. 
Slight. 


Q 


.28 
.15 
.12 
.03 
.40 
.60 
.87 
.66 
.98 
.60 
.60 
.12 


e 
o 


8.80 
7.80 
7.40 
7.20 
8.10 
8.50 
0.80 
0.80 
10.20 
0.20 
9.00 
8.50 


Ammonia. 


mm 

o 


I  • 

s 


.0084 
.0016 
.0032 
.0000 
.0254 
.0192 
.0122 
.0190 
.0314 
.0246 
.0286 
.0080 


.0036 
.0054 
.0066 
.0088 
.0074 
.0058 
.0048 
.0088 
.0068 
.0072 
•0090 
.0158 


I 

Q 


.74 
.61 
.67 
.75 
.64 
.70 
.69 
.72 
.82 
.69 
.67 
.76 


NiTROOXN 
AS 


5 

z 


s2 


.0800 
.0920 
.0880 
.0700 
.0600 
.0120 
.0400 
.0250 
.0190 
.0100 
.0150 
.0800 


.0007 
.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0001 
.0001 
.0002 
.0001 
.0000 


a 

a 

s 


<s 


.18 
.12 
.12 
.07 
.18 
.24 
.20 
.28 
.15 
.29 
.22 
.15 


I 


8.7 
2.9 
3.1 
8.1 
4.0 
4.0 
3.7 
4.4 
4.6 
4.3 
4.1 
4.1 


.0980 
.0520 
.0280 
.0080 
.0050 
.1250 
.1200 
.1750 
.2850 
.8000 
.3100 
.0560 


Averages  by  Tears. 


• 

1887* 

- 

- 

.00 

7.09 

.0005 

.0034 

.66 

.0300 

- 

. 

• 

- 

1888 

- 

.00 

7.22 

.0000 

.0040 

.63 

.0647 

.0000 

- 

- 

- 

- 

18891 

- 

.00 

6.45 

.0000 

.0027 

.63 

.0640 

.0000 

- 

- 

- 

- 

1890^ 

- 

- 

.00 

7.40 

.0014 

.0042 

.69 

.0450 

.0000 

- 

8.9 

- 

- 

1892§ 

- 

- 

.07 

7.90 

.0041 

.0046 

.66 

.0370 

.0001 

- 

4.0 

.0396 

- 

1898 

- 

- 

.19 

7.95 

.0063 

.0061 

.66 

.0489 

.0001 

.18 

8.5 

.0815 

- 

1804 

- 

- 

.11 

8.82 

.0048 

.0054 

.70 

.0542 

.0001 

.12 

8.8 

.0516 

- 

1896 

- 

- 

.20 

8.75 

.0051 

.0077 

.69 

.0660 

.0008 

.16 

8.7 

.0627 

- 

1896 

- 

- 

.40 

8.61 

.0147 

.0070 

.71 

.0492 

.0001 

.17 

8.8 

.1372 

*  June  to  December.  f  Jftooary  to  May.         X  Angnat.         §  September  to  December. 

NoTS  to  analysea  of  1896 :  Odor,  generally  none,  sometimes  vegetable,  and  occasionally  mouldy.  — — 
The  aamplea  were  collected  from  a  faacet  at  the  pumping  station. 

The  color  of  this  water  is  affected  by  the  presence  of  iron.  For  a  statement  aa  to  the  effect  of  the 
preaenoe  of  iron  upon  the  color  of  a  ground  water,  aee  page  81. 
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WATERTOWN  AND  BBIiMONT. 

Microscopical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of 

the  Watertown  Water  Supply  Company. 

[Number  of  organisms  per  cubic  oeotlmeter.] 


189«. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,     •       • 
Number  of  sample,       .       • 

24 
1M44 

22 
16113 

21 
16296 

15 

16401 

28 
16657. 

28 
16846 

14 
16962 

20 
17244 

15 
17480 

22 

17687 

20 
17902 

23 
18176 

PLANTS. 
Fungi,  Crenothrlx,     . 

400 

36 

0 

ISO 

184 

204 

214 

2,000 

1,600 

1,440 

1,600 

100 

ANIMALS. 
InftlBOriat  Perldlolum,    . 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

Total 

400 

86 

0 

280 

161 

218 

214 

1 
2,000  1,600  1,440  1,600 

100 

Chemical  Examination  of  Water  from  a  Faucet  in  Watertown  supplied  from  the 

Works  of  the  Watertown  WcUer  Supply  Company, 

[Parts  per  100,000.] 


15862 

16025 

16196 

16377 
16549 

16728 

16941, 

17131 

17376 

17603 
17794 

18011 


§ 


I 


Appeakakcb. 


I 


e 

a 


^ 


e 

J 


Ammonia. 


I  ■ 

B 


6 

G 


Jan.  8 

Feb.  4 

Mar.  4 

Apr.  8 

May  6 

June  3 

July  8 

Aug.  5 

Sept.  8 

Oct.  7 

Ndv.'  8 

Deo.  7 


Slight. 

milky. 
Slight, 

milky. 
Slight. 

milky 
None. 
Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Decided, 

milky. 
Decided 
Decided, 

rusty. 
Distinct, 

milky 


V.  slight. 

V.  slight. 

None. 

None. 
Slight. 

Slight. 

None. 

V.  slight. 

V.  slight. 

Slight. 
Heavy, 

rusty. 
V.  Blight. 


.05 

.10 

.10 

.40 
.08 

.22 

.33 

.30 

.33 

.25 
.50 

.20 


9.00 

9.50 

7.50 

6.60 
8.70 

0.10 

8.50 

10.40 

9.70 

9.30 
10.80 

8.60 


.0004 

.0000 

.0004 

.0006 
.0000 

.0004 

.0000 

.0010 

.0002 

.0006 
.0060 

.0002 


.0038 

.0042 

.0062 

.0054 
.0036 

.0064 

.0042 

.0056 

.0048 

.0044 
.0106 

.0034 


.75 

.76 

.62 

.65 
.71 

.67 

.66 

.74 

.86 

.71 
.74 

.70 


Averages  by  Years, 


NiTKOGEK 
AS 


•2 

i 


.1000 

.0900 

.1000 

.0700 
.0600 

.0750 

.0850 

.0320 

.0200 

.0350 
.0500 

.0300 


I 


s 


.0000 

.09 

4.2 

.0120 

.0000 

.18 

3.0 

.0200 

.0000 

.12 

8.4 

.0200 

.0000 
.0001 

.00 
.07 

3.4 
4.0 

.0100 
.0300 

.0000 

.14 

4.8 

.0840 

.0000 

.26 

4.0 

.0450 

.0000 

.18 

4.4 

.0480 

.0000 

.13 

4.4 

.0500 

.0000 
.0000 

.13 
.32 

4.4 
4.2 

.0750 
.8600 

.0000 

.16 

4.2 

.0450 

^ 

1893 

. 

. 

.09 

8.06 

.0012 

.0062 

.61 

.0426 

.0001 

.18 

8.7 

.0166 

-. 

1894 

- 

.. 

.11 

9.32 

1.0001 

.0042 

.71 

.0490 

.0000 

.10 

4.6 

.0177 

• 

1895 

• 

. 

.18 

9.52 

Loots 

.0051 

.75 

.0678 

.0001 

.10 

4.6 

.0312 

~ 

1896 

~ 

~ 

.24 

8.97 

.0008 

! 

.0052 

.71 

.0581 

.0000 

.15 

4.1 

.1041 

Nora  to  analyses  of  1896:  Odor,  senerally  none;  in  August,  September,  October  and  November* 
faintly  vegetable;  in  December,  faintly  mouldy. —> The  samples  were  collected  from  a  faucet  in  a 
bouse  in  the  easterly  part  of  Watertown. 
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WATERTOWN  AND  BELMONT. 

Microscopical  Examinalion  of  Water  from  a  Faucet  in  Waterlown,  supplied  from 

the  Works  of  the  WcUertown  Water  Supply  Company, 

[IXumhet  of  orgADisms  per  cubic  eeotimeter.] 


1S9«. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct 

Nov. 

Deo. 

Day  of  ezamln  itlon, 

Namber  of  Mmple, .       •       .       . 

11 
15862 

T 
16026 

ft 
16196 

9 
16877 

7 
16649 

4 
16728 

8 
16041 

6 
17181 

0 

0 
17876 

0          6 
17608  17794 

9 

18011 

PLANTS. 
Funfiri»  C^roDOthriz, 

1 

0 

0 

60 

60 

108 

0 

0 

60 

StOOO  MO 

ANIBIALS. 
Infusoria,  PeridiDlam,     • 

0 

0 

0 

r 

0 

0 

0 

0 

0 

0 

0 

0 

Total, 

1 

0 

0 

67 

60 

108 

0 

0 

0 

60 

82,000 

240 

Chemical  Examination  of  Water  from  Faucets  in  Watertottm^  supplied  from  the 

Works  of  the  Watertown  Water  Supply  Company, 

[ParU  per  100,000.] 


17206 
17207 


ArPBASAlfCS. 

& 

1 

1 

i 

H 

1 

6 

DIsUnct, 
milky. 

DlatlDct. 
milky. 


Slight. 
Slight. 


.86 
.46 


si 


9.00 
9.20 


Ammokia. 


i 


s 

5 


o 
e 

^1 


.0002 
.0098 


.0068 
.0066 


6 


.74 
.72 


MITBOOBM 

▲a 


1 

i 

i 

s 

% 

% 

.0360 
.0300 


.0000 
.0012 


t 


B 

a 
« 

'     CO 


.21 
.26 


S 

« 
c 

n 


c3 


4.2 
4.1 


.0600 
.0600 


Odor,  dlatinotly  mouldy,  becoming  distinctly  Tegetable  on  heating. 


Microscopical  Examination, 


No.  17206.    FangU  OrenothHx,  10. 
No.  17207.    Mlecellaneona,  Zodglaa,  16. 
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WAYIiAND. 


Water  Supply  op  Wayland. 


Chemical  Examination  of  Water  from  the  FiUer-gallery  of  the  Wayland  Water 

Works, 

[ParU  per  100,000.] 


s 

9 


I 

as 

Q 


10180 
17012 


Mar.    8 
Oct.     8 


Appbabamob. 


a 
H 


«1 

s 

a 


V.  slight. 
Slight. 


Blight. 
BUght. 


I 


.88 
.83 


s 


4.36 
4.10 


Ammonia. 

4 

i 

(3 

a 

i 

hi 

< 

Chlorl 

0028 

.0092 

.48 

0022 

.0270 

.30 

NiTROOBN 
A8 


s 

"5 


.0380 
.0050 


.0000 
.0001 


c5 


M 

o 


.31 
.60 


1.0 
1.0 


Averages  by  Tears. 

- 

1894 

- 

- 

.30 

4.84 

.0122 

.0151 

.34 

.0165 

.0000 

.30 

1.7 

.1770 

- 

1895 

- 

- 

.02 

4.80 

.0026 

.0226 

.42 

.0160 

.0002 

.88 

1.8 

- 

- 

1896 

- 

- 

.33 

4.22 

.0025 

.0181 

.86 

.0215 

.0000 

.45 

1.6 

- 

NoTB  to  analyses  of  1896 :  Odor,  faintly  vegetable,  becoming  stronger  on  heating.  -—  The  samples 
were  collected  from  a  faucet  In  the  gate.house. 

Microscopical  Examination, 

No.  16189.  DlatomacesB,  iViooicuto,  2.  AIg»,  Chlorococcui,  2,  Infosoria,  ZXnofriyon,  3 ;  EugUna^ 
1;  Perldtniumt  56;  Trachetomonat,  2.    Total,  66. 

No.  17612.  DiatomacesB,  OycioUliat  24;  Melotira,  64;  Ndvieula,  8;  St/nedra,  4;  7^x60^^0,4. 
AlgsB,  Protococaa,  4.    Infasoria,  Dtnobrgon,  4;  Matlomonas,  4;  Trachelomonas,  86.    Total,  152. 


Water  Supply  of  Webster. 

Chemical  Examination  of  Water  from  the  Well  of  the  Webster  Water  Works, 

[Parts  per  100,000.] 


J 

S 


15868 
16810 
10576 
16060 
17452 
17844 


a 
o 


9. 


1896. 

Jan.    13 

&far.  9 
BCay   11 

July  11 
Sept.  14 
Nov.  11 


Appbabanob. 


None. 
None. 
None. 
None. 
None. 
None. 


None. 

None. 

None. 

V.  slight. 

None. 

None. 


.00 
.00 
.00 
.00 
.00 
.00 


si 

«  « 

o  ► 


8.50 
4.20 
8.80 
8.90 
8.10 
8.80 


Ammonia. 


S 

In 


a 
< 


.0000 
.0000 
.0008 
.0004 
.0000 
.0000 


.0002 
.0014 
.0012 
.0008 
.0010 
.0004 


.39 

.27 
.28 
.27 
.23 
.22 


NlTKOOBM 
AS 


i 


i 


.0520 
.0850 
.0820 
.0200 
.0180 
.0120 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


s 

B 

s 

M 

o 


.00 
.03 
.00 
.03 
.OS 
.00 


i 


1.6 
1.8 
1.7 
1.8 
1.8 
1.2 


.0020 
.0000 
.0010 
.0000 
.0070 
.0080 
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WEBSTER. 

Chemical  Examination  of  Water  from  (he  Well  of  the  Webster  Water  Works — 

Concluded. 

Averages  by  Years,  ^ 

[Parte  per  100,000.] 


• 

a 

o 

Appbabanob. 

• 

g 

Ammonia. 

UlTBOOBN 

• 

•teof 

Collectt 

etidae  on 
Evaporatt 

6 

A8 

a 

s 
m 

M 

e 

1 

1 

• 

a 

• 

s 
§ 

• 

1 

Ibn- 
mlnold. 

• 

i 

• 

Q 

o 

9i 

o       ! 

H 

* 

u 

m 

bi 

< 

O 

K 

s 

o 

n 

tm 

. 

1894 

. 

„ 

.01 

3.43 

.000] 

.0006 

.21 

.0232 

.0000 

.01 

1.4 

.0032 

. 

1895 

. 

• 

.00 

4.18 

.0000 

.0010 

.22 

.0236 

.0000 

.02 

1.5 

.0043 

- 

1896 

- 

- 

.00 

3.68 

.0002 

1 

.0008 

.26 

.0282 

.0000 

.01 

1.5 

.0022 

Note  to  analysee  of  1896:  Odor,  none,  except  in  July,  when  it  wat  faintly  unpleasant,  becoming 
distinctly  earthy  on  beating. •^— No.  17844  was  collected  from  a  faucet  at  the  pumping  station;  the 
others,  from  the  well. 

Microscopical  Examination. 

No  organisms. 

Water  Supply  of  Wellesley. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Welles- 
ley,  relative  to  securing  an  additional  water  supply  for  the  town  and 
the  best  method  of  protecting  the  purity  of  the  present  sources  of 
supply,  may  be  found  on  pages  43  to  46  of  this  volume. 

Chemical  Examination  of  Water  from  the  Filler-gallery  of  the  Wellesley  Water 

Works, 

[Parte  per  100,000.] 


•           1 

e 

Appbabakcb. 

i 

Ammonia. 

KlTROOBN 

i 



1 

it 

. 

AS 

a 

B 
• 

d 

• 

*i 

4 

1 

o 
« 

^ 

1 

i 

• 

i 

o 
e 

• 

Q 

1 

i 

1 

• 

1 

1' 

m 
•> 
B 

• 

a 

9 

« 

gl 

« 

a 

« 

ja 

M 

« 

2 

^ 

fi 

H 

(S 

M 

b4 

< 

U 

^i 

^     , 

o 

m 

1S9«. 

1 

16668 

May   22 

None. 

V.  slisht. 

.00 

6.00  , 

.0000 

.0012 

.55 

.0700 

.0000 

.01 

2.7 

.0010 

16964 

July  13 

None. 

None. 

.08 

6.70  ' 

.0002 

.0072 

.74 

.0100 

.0000 

:  -n 

2.8 

.0010 

17443 

Sept.  14 

None. 

Slight. 

.06! 

1 

8.20 

.0000 

.0026 

.71 

.0300 

.0000 

.08 

1 

3.8 

.0000 

Averages  by  Tears, 


1887» 

« 

a. 

.01 

7.57 

.0002 

.0016 

.54 

.0979 

. 

1888 

. 

• 

.00 

6.57 

.0001 

.0023 

.44 

.0639 

.0000 

1889t 

. 

. 

.00 

5.89 

,.0005 

.0021 

.39 

.0522 

.0000  1 

18901 

. 

• 

.00 

5.85 

.0002 

.0032 

.73 

.0400 

.0000 

1892$ 

» 

• 

.00 

7.90 

.0000 

.0000 

.53 

.0550 

.0000 

]893h 

. 

• 

.00 

6.70 

.0000 

.0008 

.52 

.0600 

.0000 

18941T 

. 

« 

.08 

6.6Q 

.0008 

.»n23  1 

.56 

.0465 

.0000 

1896** 

• 

. 

.05 

6.38 

.0008 

.0052  . 

.66 

.0165 

.0000 

1896 

- 

- 

.04 

6.97 

.0001  1.0037 

.67 

.0367 

.0000 

.07 
.04 
.12 
.09 


4.0 
8.8 
2.8 
2.9 
3.1 
3.1 


.0000 
.0050 
.0U30 
.0025 
.0007 


t  January  to  May. 


t  September.  §  October. 

June  and  October.         **  July  and  August. 


*  June  to  December. 

II  July. 

NoTK  to  analyses  of  1896:  Odor,  none. The  samples  were  collected  from  the  fllter-gnllery. 


No  organttms. 


Microscopical  Examination. 
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WELLESLEY. 

Chemical  ExamincUion  of  Water  from  the  Well  of  the  WellesUy  Water  Works, 

[Parta  per  100,000.] 


Date  of 

Collection. 

Appbabamcb. 

Retldne  on 
Evaporation. 

AMMOiriA. 

i 
i 

S 

NiTBOOBM 

Aa 

• 

1 

o 

00 

t? 

o 

i 

c 

1 

X 

1 

1 

• 

s 

a 

i 

1 

AlbD- 
mlnold. 

• 

i 

S 

• 

(3 

e 

16059 

1A96. 

Muy  22 

None. 

V.  alight. 

.02 

• 

5.00 

.0000 

.0026 

.62 

.0600 

.0000 

.06 

2.8 

.0010 

10065 

July  18 

None. 

V.  alight. 

.06 

6.60 

.0004 

.0038 

.72 

.0200 

.0000 

.15 

2.4 

.0010 

17442 

Sept.  14 

1 

None. 

Slight. 

.07 

7.20 

.0000 

.0078 

.78 

.0250 

.0000 

.19 

3.0 

.0040 

Averages  by  Yean, 


1890* 
18021 
1893t 
1804§ 

189511 
1896 


.00 
.00 
.00 
.03 
.03 
.05 


6.15 
6.55 
5.90 
6.10 
6.85 
6.57 


.0002 
.0000 
.0000 
.0000 
.0002 
.0001 


.0052 
.0084 
.0014 
.0032 
.0058 
.0047 


.73 
.65 
.60 
.69 
.64 
.60 


.1000 
.0950 
.0600 
.0515 
.0840 
.0860 


.0001 
.0001 
.0000 
.0000 
.0000 
.0000 


.07 
.07 
.12 
.13 


4.3 
2.4 
2.3 
2.6 
8.2 
2.7 


.0000 
.0100 
.0015 
.0005 
.0020 


*  September. 


t  October. 


X  July. 


§  June  Aod  October. 


II  July  and  Auguat. 


NOTB  to  analyaea  of  1896 :  Odor,  none.    On  heating,  a  faintly  mouldy  odor  waa  developed  In  the  laat 
aample.  —^  The  aamplea  were  collected  from  the  well,  at  Williams  Spring. 

Microscopical  Examination, 

An  Intlcniflcant  number  of  organlama  waa  found  in  aample  No.  17442;  do  organlama  were  found  In 
(he  remaining  aamplea. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Wdleslcy 

Water  Works, 

[Parte  per  100,000.] 


i 

s 

9 


a 
o 

% 

^5 


16656 


May    22 


Appbabamcb. 


s 

a 


© 


Slight. 


V.  alight. 


.02 


on. 

AUMOMIA.     1 

Nitboobm 

i 

_? 

1 

A8 

a 

B 

Resldoe  on 
Evapoi 

• 

Albu- 
minoid. 

i 
1 

.67 

1 

"a 

• 

8 
1 

C 

1  o 

1 
8.20  1 

.0008 

.0114 

1 

.2000 

.0010 

.04 

8.6 


.0000 


Odor,  none,  becoming  faintly  mouldy  on  heating. The  aample  waa  collected  from  the  reaervolr. 


Microscopical  Examination, 

No.  16666.    Dlatomaeeie,  iTetofira,  5;  ^^ccfra,  2,800.    Total,  2,806« 
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WELLESliEY. 

Chemical  ExamintUion  of  Water  from  Bosemary  Brook  in  Wellesley, 

[ParU  per  100,000.] 


• 

o 

% 

o 

O 

i 

t 

a 

a 

« 

% 

fi 

1896. 

16665 

May  22 

Appbarahcb. 


Slight. 


o 

a 


Blight. 


.27 


KK8IOUK  ON 

EVAPOBA- 

TION 


O 


i 


aS 


6> 


r 


6.15 


1.15 


Amuokia. 


Albuminoid. 

1 

• 

1 

1 

1 

5 

Sus- 
pend 

.0024 


.0208 


.0196  .0012 


4 

a 

■c 


,00 


NiTROOBN 
A8 


.0300 


.0003 


a 

a 


a 

M 

O 


i 

a 

1 


.20 


2.5 


Odor,  decidedly  mouldy. The  sample  was  collected  from  the  brook,  near  the  pumping  station  of 

the  Wellesley  Water  Works. 

Microscopical  Examination, 

An  Insignificant  number  of  organisms  was  fonnd  in  this  sample. 

Chemical  Examination  of  Water  from  Test  Wells  in  Wellesley, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbaramck. 

• 

1 

si 

Amuokia. 

. 

NlTROOKW 
AS 

• 

1 

B 
m 
c 

w 

• 

K 

*t 

• 

i 

a 

9 

o 

a 

i 

o 

Residae 
Eva 

1 

g 

5 

9 

a 
§ 

1 

2 

1 

2 

r 

m 

1 

• 

1806. 

17702 

Nov.    4 

Blight. 

Cons., 
earthy. 

.01 

6.40 

.0000 

.0002 

.48 

.2000 

.0000 

.01 

2.7 

.0060 

17703 

Nov.    4 

None. 

Blight, 
earthy. 

.01 

6.90 

.0000 

.0000 

.48 

.2200 

.0000 

.01 

2.3 

.0040 

17772 

Nov.    2 

None. 

V.  slight. 

.00 

6.90 

.0000 

.0008 

.46 

.1600 

.0001 

.00 

2.2 

.0060 

17773 

Nov.    2 

None. 

None. 

.00 

5.80 

.0000 

.0002 

.48 

.2000 

.0000 

.00 

2.2 

.0080 

17781 

Nov.    3 

None. 

Blight. 

.00 

6.80 

.0000 

.0002 

.46 

.1800 

.0000 

.00 

2.2 

.0070 

17782  '  Nov.    3 

None. 

V.rllght. 

.00 

6.80 

.0000 

.0008 

.47 

.2100 

.0000 

.00 

2.2 

'.0010 

17823  1  Nov.  10 

Distinct. 

Blight 

.01 

6.0U 

.0004 

.0004 

.40 

.0950 

.0000 

.00 

2.6 

.0080 

17824  1  Nov.  10 

None. 

V.  slight. 

.00 

6.10 

.0002 

.0006 

.39 

.0900 

.0000 

.00 

2.4 

.0020 

37796     Nov.    5 

None. 

V.  slight. 

.00 

6.30 

.0000 

.0004 

.50 

.2100 

.0000 

.01 

2.2 

.0050 

17796     Nov.    5 

None. 

V.  slight. 

.00 

6.10 

.0000 

.0008 

.48 

!.2200 

.0000 

.01 

2.2 

.0020 

17797    Nov.    7 

V.  slight. 

Blight. 

.02 

7.70 

.0008 

.0010 

.68 

.0600 

.0000 

.00 

3.2 

.0020 

earthy. 

177P8    Nov.    7 

None. 

Blight. 

.00 

7.50 

.0010 

.0008 

.66 

.0500 

.0000 

.00 

3.2 

.0040 

17845    Nov.  11 

1 

Distinct, 
milky. 

Cons  , 
clayey. 

.02 

3.80 

.0000 

.0002 

.31 

.0080 

.0000 

.00 

1.6 

.0050 

17846 

Nov.  11 

None. 

V.  Blight. 

.03 

3.60 

.0000 

.0000 

.31 

.0070 

.0000 

.01 

1.4 

.0040 

17862 

Nov.  18 

Distinct, 
milky. 

Cons. 

.00 

7.10 

.0002 

.0004 

.67 

.0180 

.0000 

.00 

3.1 

.0030 

17863 

Nov.  18 

V.sllRbt. 

Blight. 

.00 

6.80 

.0000 

.0002 

.67 

.0100 

.0000 

.00 

3.3 

.0030 

17969     Nov.  28  1 

Decided. 

Cons. 

.03 

7.30 

.0000 

.0000 

.47 

.0950 

.0000 

.03 

1.9 

.0080 

17995 

Dec.    3 

Distinct, 
clayey. 

Slight, 
sandy 

.00 

1 

5.80 

.0002 

.0000 

1 
1 

.44 

.1400 

.0000 

.03 

2.5 

.0040 

17996 

Dec.    3 

None. 

None. 

.00 

6.10 

.0002 

.0020 

.43  , 

.1100 

.0000 

.03 

2.7 

.0010 

17999     Dee.    5 

1 

None. 

V.  slight 

.00 

1 

6.00 

.0000 

.0000  . 

.48, 

.1150 

.0000 

.00 

2.6 

.0000 

Odor  of  No.  179^9,  distinctly  dinngreeiible,  becoming  earthy  and  mouldy  on  heating;  of  the  others, 

none. The  samples  were  collected  as  follows :  Nos.  17792  and  17793,  from  a  tubular  well  numbered  6, 

about  900  feet  west  of  Cedar  Street  and  45  feet  east  of  Rosemary  Brook ;  Nos.  17772  and  17773,  from  test 
well  numbered  7,  located  about  000  feet  west  of  Cedar  Street  and  25  feet  north  of  Rosemary  Brook ;  Nos. 
17781  and  17782,  from  test  well  numbered  14,  about  976  feet  west  of  Cedar  Street  and  30  feet  south  of 
Rosemary  Brook;  Nos.  17823  and  17824,  from  test  well  numbered  16,  about  1,103  feet  west  of  Cedar 
Street  and  500  feet  north  of  Worcester  Street;  Nos.  17795  and  17796,  from  test  well  numbered  17,  about 
1.200  ffct  west  of  Cedar  Street,  100  feet  north  of  Worcester  Street  and  50  feet  from  Kosemary  Brook ; 
Noi.  17797  and  17798.  fiom  test  well  numbered  22,  about  100  feet  touih  of  Worcester  Street  and  120  feet 
south  of  Rosemary  Brook ;  Nos.  17846  and  17846,  from  test  well  numbered  23,  locatt  d  about  400  feet  south 
of  Worcester  Street,  1,400  ffet  west  of  Cedar  Street  and  460  feet  from  Kosemary  Brook ;  Nos.  17862  and 
17863,  from  test  well  numbered  24,  350  feet  south  of  Worcester  Street  and  350  feet  north-east  of  I^og- 
fellow's  Pond;  Nos  17969  and  17905,  from  a  group  of  5  wells  In  the  valley  of  iinsemary  Brook  on  the 
northerly  side  of  the  Worcester  tumpiite,  while  pumping  with  a  steam  pump;  and  the  last  two  samples, 
Nos.  17996  and  17999,  while  pumping  from  four  of  these  wells. 


No  organisms. 


Microscopical  Examination, 
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wbstborough. 

Water  Supply  op  Westborough. 
Ckeraieal  Examination  of  Water  fiwn  the  Upper  Sandra  Reservoir,  Westborough. 

[Part!  par  100,000.] 
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WESTBOROUGH. 

Microscopical  Examination  of  Water  from  the  Upper  Sandra  Reservoir^ 

Westborough —  Concluded. 

[Namber  of  organitras  per  oubio  oeotimeter.] 


PLANTS  — Con. 
Gyanophyceas 

Clathrocyetlt 

C<elo«pb8Brinna,  .... 
MlcrocyBiifl, 

> 

Artbrodesmat,  .... 
CoBiaatrum,  ..... 
Cosmarium,  ..... 
Blctyoaphsriam,   .... 

Pedlaatrura, 

Protoooccae, 

Rapbidium, 

Scenedef  muB, 

Belenastrum,  ..... 
StnarastraoDi  ..... 
ZoUaporea, 

ANIMALS. 

InftLBoria 

Ctllated  Infuaorian, 

PinobryoD 

Mailoroonaa, 

Monaa 

Peiidinium, 

Byoara,    ...... 

Tracbelomonaa,      .... 

Vermes, 

Aonrea, 

Polyarthra, 

Roiatorian  ova,  •  .  .  . 
Rotifer, 

Crustacea,  Cyclopa, 

Jfl9celianeou9 

Acarlna,  ...... 

Zo^gioBa, 

Total 


0 

84 

4 

0 

24 

2 

0 

10 

0 

0 

0 

2 

18 

MB 

8tt 

0 

88 

0 

0 

2 

0 

0 

2 

0 

0 

0 

40 

0 

2 

2 

18 

20 

2 

0 

0 

84 

0 

62 

12 

0 

96 

24 

0 

e 

208 

0 

0 

0 

0 
0 
0 


84 

0 
0 
0 
0 
0 
0 
8 
2 
0 
20 
4 


T2 

84 

28 

0 

0 

2 

82 

20 

0 

0 

0 

2 

0 

0 

4 

40 

0 

18 

0 

2 

0 

0 

0 

2 

0 

4 

16 

0 

4 

4 

0 

0 

6 

0 

0 

2 

0 

0 

4 

0 

.04 

0 

142 

0 
0 
0 
48 
92 
0 
2 


0 
0 
0 
0 


0 

20 

20 

0 

.04 

0 

0 

20 

20 

10 

0 
10 


802 


220 
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WESTBOROUGH. 

Chemical  Examination  of  Water 


from  the  Lower  Sandra  Reservoir,  Westborough, 

[Parts  per  lOO.OOO.J 


Date  of  Collection. 

Appbaiumcb. 

Kl-SIDDKON 

EVAPORA- 

TIOK. 

Ammonia. 

• 

« 

x: 
S 

NiTROOKN 

Aa 

Oxygen  Consumed.    1 

1 

a 
1 

6 

1 

1 

Loaton 
Ignition. 

1 

Albuminoid. 

• 

s 

£ 

• 

1 

1 

a 

a 
5J5 

H 

• 

1 
1 

5 

1 

00 

i 
1 

3 

1806. 

16331 

Mar. 26!  DiaUnct. 

Slight. 

.15 

2.56 

0.76 

.0004 

.0106 

.0086 

.0020 

.17 

.0080 

.0000,1.26 

0.6 

16790 

JaDel5|  Slight. 

Slight. 

.10 

2.75 

0.90 

.0002 

.0098 

.0084 

.0014 

.21 

.0000 

.0000 

.18 

0.9 

17478 

S6pt.l6,  Slight. 

Slight. 

.10 

3.35 

1.06 

.0000 

.0080 

.0070 

.0010 

.22 

.0020 

.0000 

1 

.18 

1.8 

18121 

Deo.  14 

Slight. 

Slight. 

.17 

3.85 

1.80 

.0006 

.0186 

.0180 

.0056 

.26 

.0000.0000 

.35 

1.1 

A 

verag 

es  by 

Years, 

1894 

- 

- 

.07 

3.16 

1.16 

.0009 

.0126 

.0092 

.0034 

.22 

.0018 

.0000 

.19 

0.9 

- 

1895 

- 

- 

.16 

8.08 

1.25 

.0011 

.0167 

.0127 

.0040 

.24 

.0045 

.0000 

.29 

0.9 

- 

1896 

- 

- 

.18 

3.00 

1.00 

.0003 

.0117 

.0092.0025 

.21 

.0025 

.0000 

.23 

1.0 

NoTB  to  analyaee  of  1896:  Odor  of  the  firat  two  aamplea,  faintly  vegetable;  of  the  third,  dIatlDctly 
graasy  and  mouldy;  of  the  last,  faintly  aopleaaant.— The  aamplea  were  collected  from  the  lower 
reaerroir. 


Microscopical  Examination  of  Water  from  the  Lower  Sandra  Reservoir^ 

Westborough. 

[N^omber  of  orgaDiama  per  cable  centimeter.] 


1806. 


March. 


June. 


Sept 


Deo. 


Bay  of  ezaminatloD,     . 
Number  of  aamplOi       .       . 

PLANTS. 
DlatomacesB,  .... 

Cyclotella,  .... 
Mi'loiilra, ..... 
Navicula,  .... 
Nitziicbta,        .... 

Synedra 

Tabellarla,      .... 

AlgtOt 

Dlotyoaphasrlam,    . 
Protococcut,    .... 
Rapbtdiuro,     .... 
Staiiraetraro,  .... 

. — — -^•^■^^-^^■^^^— 


27 
16331 


16 
16790 


17 
17478 


0 

19 

8 

0 

2 

0 

0 

12 

0 

0 

2 

2 

0 

0 

0 

0 

1 

1 

0 

2 

0 

40 

0 

1 

0 

0 

0 

40 

0 

1 

0 

0 

0 

0 

0 

0 

16 
18121 


SO 

0 
0 
0 
2 
28 
0 


m 

2 

2 

2 

116 
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WE8TBOBOUGH. 

MicroscopiccU  ExamincUion  of.  Water  from  the  Lower  Sandra  Reservoir^ 

Westborough  —  Concluded. 

[Namber  of  organisms  per  cable  centimeter.] 


1896. 


March. 


June. 


Sept. 


Dec. 


ANIMALS. 
Infusoria. 

Cryptomonai,         •       .       .       . 

Dlnobryon, 

Monas, 

Peridinlam 

Vermes 

Anuren,   ...... 

Polyarthra, 

Crustacea,  Cyclops, 
JfincellaneotiSt  Zobglceai     • 

Total, 


202 

0 

100 

0 

13 

0 

0 
0 


0 
0 
0 
0 


0 
0 


.02 


0 
0 
0 

1 


0 
0 


188 

4 

8 

148 

28 

8 

2 

4 


10 


242 


24 


10 


350 


Water  Supply  op  Westborough  Insane  Hospital,  West- 
borough. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  at  the  Westborough 

Insane  Hospital, 

[Parti  per  100,000.] 


• 

1 
1 

Appbarahoi. 

Residue  on 

Evaporation. 

Ammonia. 

6 

a 

i 

NITKOOXM 

AS 

Oxygen 

Consumed. 

i 
1 

ta 

1 

1 

1 

1 

i 

a 

1 

Albu- 
minoid. 

1 

• 

m 

5 

i 

16788 
17474 

i8»e. 

Jane  16 
Sept.  16 

Distinct, 
milky. 

Distinct, 
milky. 

Slight. 
Slight. 

.47 
.52 

1 

10.00 
11.40 

.1300 
.1240 

1 

.0040 
.0044 

.38 
.38 

.0000 
.0070 

.0002 
.0001 

1 

.18 
.14 

6.0 
6.3 

.1400 
.1520 

Averages  by  Years, 


. 

1887* 

. 

. 

.03 

11.29 

.0407 

.0033 

.42 

.0030 

• 

1888 

. 

• 

.06 

11.27 

.0502 

.0051 

.42 

.0U45 

.0000 

_ 

. 

. 

. 

1880t 

• 

. 

.16 

11.41 

.0530 

.0049 

.43 

.0030 

.0000 

_ 

. 

. 

• 

1801t 
18ft3§ 

• 

- 

.50 

11.80 

.0784 

.011)9 

.43 

.0040 

.0000 

. 

6.0 

. 

• 

• 

• 

.33 

11.09 

.0758 

.0056 

.40 

.0078 

.0001 

.12 

5.8 

.0964 

• 

1804 

. 

• 

.39 

11.75 

.1188 

.0082 

.37 

.0007 

.0000 

.16 

6.1 

.1687 

- 

189511 

. 

. 

.55 

12.17 

.1197 

.0024 

.40 

.0017 

.0001 

.12 

5.9 

.1473 

• 

1806 

• 

— 

.40 

11.15 

.1300 

.0042 

.38 

.0035 

.0001 

.16 

6.1 

.1460 

*  Jane  to  December.  f  Janaary  to  May.  \  Julyi  two  samples. 

f  January,  March,  May  and  July.  ||  February,  May  and  August. 

NoTB  to  analyses  of  1806:  Odor  of  the  first  sample,  faintly  vesotable;  of  the  second,  distinctly  nn- 

pleasant. The  samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pumping  from  the 

wells. 

Microscopical  Examination, 

An  inslgnlfleant  number  of  organisms  was  found  in  these  samples. 
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>tJGH, 

licai  Examination  of  Water  from  Chauncy  Pond,  Weslbonmgh. 


T:.i%:' 

Aiuaiu. 

1 

s 

NITUNU 

1 

1 

I 

1 

.70 

i 

■} 

1 

1 

1 

1 

1 

A 

; 

r,.iigM. 

NOB.. 

V.  .light. 
8ll|bt. 

t.N 

2.1& 

.0118 

.mi 

.0220 

-WW 

.0010 

- 

.0100 

.00*0 

.0006 

.as 

", 

Xieroseopieal  Examinaiion. 


Water  Supply  op  WESTriELo. 
mieal  Examination  of  WaCer  from  the  Wett^eld  Water  Worki. 

IPsrta  per  100,000.] 


a™„.. 

-iSSi" 

AHHIHtU. 

1 

5! 

.™. 

1 

! 

1 

J 

1 

1 

1 

AlbunilaoM. 

1 

1 

J 

, 

A 

; 

V..11ghl.'8llghl. 

l.U 

1.00 

.MIS 

..,..'..,» 

.oozs 

.oe 

.003» 

0000 

-M 

0.8 

Bllghl. 

Slight. 

a.M 

o.«o 

.0010 

■•'■'■•"•  ""'v'" 

.O-HK.'.  (100(1 

.H 

O.S 

DIlllDCI. 

eiight. 

.,. 

3.S0 

2.06 

.0008 

...ij.™ 

.«.,'...  i 

.0000 

.82 

0.1 

Blight. 

Blight. 

2.M 

l.U 

.0004 

.02.a.KM 

.00«0 

.o«« 

.81 

D.t 

.BIlBbt. 

Sl^hl. 

.00 

.... 

l.« 

^ 

;; 

.OlTt 

.O..I... 

.0030 

.0018 

.o«.. 

.70 

0.8 

... 

.... 

,.» 

.». 

.00  ' 

0.4 
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WESTFIELD. 

Microscopical  Examination  of  Water  from  the  Westfield  Water  Works. 

[Number  of  oi^^lsms  per  cable  centimeter.] 


PLANTS. 
Diatom  aceee, 

Aeterionella,         •       .       . 

Cyclotella,  .       .       .       . 

Diatoma,  .       .       .        . 

MeloKira,  •       .        .       • 

Meridlon,  .       .       .       . 

Navicola,  .       .        .       . 

Pynedra,  .... 

Tabellaria,  .... 

Aier8B> 

Coemarium,  .... 

Protococcus, 

Raphldiom,  .... 

ANIMALS. 

Infusoria*      .... 

Cryptomonaa, 
Hallomonaa, .... 
Monnn,   ..... 
Perfdiolura,  .... 
TlDtinnidiiim, 
Tracbelomonas,    .       .       . 


1806. 

AprU. 

June. 

Augoft 

October. 

Deoemb^. 

Day  of  ezamioatioD, 

Number  of  aample, 

22 
16440 

4 

1672© 

18 

17187 

16 
17640 

17 
18186 

88 

8 

m 

288 

0 

8 

108 

92 

0 

0 

2 

0 

0 

0 

0 

6 

0 

0 

0 

0 

6 

0 

0 

0 

3 

1 

0 

0 

8 

4 

8 

0 

21 

0 

112 

140 

300 

1 

1 

14 

0 

1 

0 

2 

800 

0 

1 

4 

0 

0 

0 

8 

10 

8 
0 
0 
7 
0 
0 
0 
0 


0 
0 
0 


0 

2 

0 

M 

0 

0 

0 

4 

0 

1 

0 

4 

0 

0 

0 

4 

0 

0 

0 

8 

0 

0 

0 

2 

0 

1 

0 

2 

49 

0 
0 
0 
48 
0 
1 


Mi9ceUaneou8,  ZoiJglcsa, 

0 

80 

80 

60 

10 

'  Total 

838 

41 

806 

886 

60 

Water  Supply  op  Weston. — Weston  Aqueduct  Company. 

Population  in  1895, 1,710.  The  works  are  owned  by  the  Weston 
Aqueduct  Company,  and  water  was  first  introduced  in  January,  1896. 
The  source  of  supply  is  a  well  situated  in  the  valley  of  Cherry  Brook. 
The  well  is  11  feet  in  diameter  and  25  feet  deep,  built  of  stone  laid 
without  mortar  and  covered  with  a  wooden  roof.  Water  is  forced 
from  the  well  to  the  town  and  to  a  covered  distributing  reservoir  50 
feet  in  diameter  and  15  feet  deep,  built  of  stone  and  lined  with 
cement.  Distributing  mains  are  of  cast  iron,  service  pipes  are  of 
galvanized  iron. 
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WESTON. 

Chemical  Examination  of  Water  from  the  Well  of  the  Weston  Aqueduct  Company, 

[Parts  per  100,000.] 


Date  of 

ColleotiOD. 

AFTBABAJrOB. 

Reildae  on 
Evaporation. 

Ammovia. 

• 

S 

NlTBOOBll 
AS 

• 

B 

9 
m 
C 

I' 
1 

S 

e 

1 

n 

1 

1 

i 

1 

Albu- 
minoid. 

• 

1 

1 

1 

1896. 

1 
1 

16885 

June  24 

SliKbt, 
milky. 

None. 

.02 

7.80 

.0000 

.0010 

.40 

.0480 

.0001 

.05 

8.4 

.0080 

10086 

Jaly  14 

None* 

None. 

.02 

6.50 

.0000 

.0004 

.40 

.0400 

.0003 

.04 

2.9 

.0020 

17189 

Auk.  12 

None* 

V.  alight. 

.01 

7.30  , 

.0000 

.0016 

.86 

.0450 

.0001 

.04 

3.2 

.0080 

17440 

Sept.  14 

None* 

None. 

.01 

7.00 

.0000 

.0024 

.41 

.0350 

.0000 

.02 

3.6 

.0040 

17635 

Oct.    12 

None. 

V.  alight. 

.02 

7.10 

.0000 

.0010 

.40 

.0400 

.0001 

.03 

8.2 

.0010 

17805 

Nov.  18 

None* 

None. 

.00 

7.80 

.0000 

.0042 

.46 

.0400 

.0000 

.00 

8.2 

.0000 

18155 

Dec.   17 

None. 

V.  alight. 

.00 
.01 

6.40 

.0004 

.0028 

.45 

.0600 

.0000 

.04 

3.0 

.0000 

Ay*** 

6.99 

.0001 

.0019 

.41 

.0488 

.0001 

.03 

8.2 

.0019 

Odor,  none.    On  heating,  a  teintly  mouldy  odor  waa  developed  Id  the  Jane  sample,  and  a  faintly 

vegeuble  odor  in  the  Angua^  September  aod  October  aamplea. The  aamplea  were  collected  from  the 

well* 

Microscopical  Examination. 

No  orgaDiama. 

Water  Supply  op  Weymouth. 

Chemical  Examination  of  Water  from  Oreat  Pond^  in  Weymouth, 

[Parte  per  100,000.] 


a 


16260 
16759 
17499 
18129 


e 
o 

o 
u 


& 


1806. 

Mar.  16 
June  9 
8ept.l6 
Dec.  15 


Appbaramcb. 


^ 

^ 


jg 

o 


V.  Blight. 
V.  slight 
Distinct. 
None* 


V  slight. 
Slight. 
Slight. 
Slight. 


Rbsidub  om 

EVAPORA- 
TIOK. 


o 


1.20  4.65 
0.95  3.80 
0.471!  3.65 
0.65,    3.90 


C"3 


s 


2.85 
1.90 
1.90 
1.75 


Ammonia. 


Albuminoid. 


I 


I 


"2 
<  ? 

m  it 
a  a 

GO 


.0006 
.0000 
.0006 
.00(>8 


.0180 
.0210 
.0180 
.0166 


.0156.0024  .51 
.0184' .0026  1.48 
.0162.0018,1.60 
.0142.0024  .60 


i 


NiTROOKN 
AS 


s 


s 

2 


.0080  .0000 
.(MWO  .0001 


.0050 
.0020 


.0000 
.0001 


•s 


1.03 
0.85 
0.54 
0.69 


2 


0.8 
0.6 
0.4 
0.9 


Averages  by  Tears, 

^ 

1887» 

. 

. 

0.93 

4.08 

1.75 

.0007 

.0219     - 

.47 

.0030 

. 

« 

1888t 
1889i 

- 

• 

0.88 

4.15 

1.94 

.0020 

.0225     - 

-    1 

.48 

.0074 

.0000 

. 

• 

« 

• 

« 

1.40 

. 

. 

.OOOU 

.0230.0220 

.0010 

— 

.0040  .00001 

. 

. 

« 

1892 

• 

• 

0.94, 

3.82 

1.86 

.0000 

.0173.0166.0017 

.51 

.0077,.  OOOO! 

-  . 

0.4 

« 

1893 

- 

.. 

0.76 

3.86 

1.66 

.0003 

.0163.0139.0025 

.57 

.0008 

.OOOOi 

0.68 

0.6 

• 

1894 

• 

• 

0.77 

8.99 

1.60 

.0003 

.0160.0156.0013 

.61 

.0015  .0000; 

0.67 

0.7 

» 

1895 

. 

• 

0.82 

4.07 

1.99 

.0005 

.0196.0183  .0013;. 56 

.0040  .0000: 

0.80 

0.6 

" 

1896 

• 

■• 

0.82 

4.00 

1.97 

.0005 

.0184'.0161  *0023  .57 

1          1 

.0045 

1 

1 

.0000 

0.78 

0.6 

*  June  to  December.  f  Jaonary  to  May.  X  July. 

Note  to  analyaes  of  1896:   Odor,  vegetable* The  samples  were  collected  from  faucets  In  the 

town,  aupplied  with  water  from  the  pond* 

Microscopical  Examination, 

No.  16260.  No  organisms. 

No.  16759.  Miscellaneous,  Zodgltna^  20. 

No.  17499.  Miscelliineous,  ZoogUwa,  5. 

No.  18129.  Dlatomaces,  Atterionella,  6*    MlioellmDeoas,  ZoifgUaa,  6.    Total,  10. 
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WHITMAN, 


Water  Supply  op  Whitman. 


Chemicdl  Examination  of  Water  from  the  Filter-gallery  of  the  Whitman  Water 

Works, 


[Parti 

per  100,000.] 

• 

a 

1 

'5 
& 

Appbakakcb. 

Rksiduk  on 

EVAPUSA- 
TIOH. 

Ammomia. 

• 

« 
e 

1 

6 

NlTBOOKlf 
A8 

•2 

• 
a 

s 

1, 

1 

a 

1 

! 

i 

o 

1 

Loss  on 
Ignition. 

i 

Cm 

Albuminoid. 

i 
1 

i 

5 

i 

a 

D 

si; 

• 

1 

1 

m 

Sus- 
pended. 

•2 

1S9«. 

16193 

Mar.  4 

Distinct, 
clayey. 

Blight, 
earthy. 

.35 

4.70 

1.60 

.0022 

.0160 

.0144 

.0016 

0.67 

.0250 

.0000 

.60 

1.4 

17373 

Sept.  8 

Blight. 

Slight. 

.33 

6.«0 

2.20 

.0024 

.0300 

.0272 

.0028 

1 

1.02 

.0000 

1 

.0000 

.53 

2.8 

Odor,  faintly  vegetable. The  first  sample  was  collected  from  a  fanoet  on  pipe  line  near  the 

pumping  station,  and  the  other  from  the  fllter-gallery. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cable  centimeter  found  In  these  samples  was  as  follows :  No. 
16103,13;  No.  17373, 261. 


Chemical  Examination  of  Water  from  EobarCs  Pond^  Whitman, 

[ParU  per  100,000.] 


• 

e 

Appeabamcb. 

RR810DB  DM 
EVAPOBA- 

Ammokia. 

NiTROOKN 

AS 

• 

•2 

1 

1 

TIOM. 

i 
1 

a 

3 

m 
C 

8 

I 

O 

1 

«2 

6 

1 

Loss  on 
Ignition. 

• 

i 

b4 

Albuminoid. 

1 

• 

J 

1 

1 

•2 

S 

s 

Sus- 
pended. 

1 

1896. 

16104 

Mar.  4 

Distinct, 
clayey. 

Cons.i 
earthy. 

.60 

4.40 

1.60 

.0016 

.0322 

.0272 

.0050 

051 

.0170 

.0001 

.68 

1.8 

17874 

Sept.  8 

SUght. 

Blight. 

.38 

6.60 

2.20 

.0000 

.0336 

.0318 

.0018 

1.06 

.0000 

.0000 

.54 

2.1 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  pond. 


Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  as  follows :  No. 
16104,11;  No.  17374,  830. 
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tv1lliam8burg. 

Williamsburg. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Williams- 
burg, relative  to  taking  a  public  water  supply  from  the  east  branch  of 
Mill  River  in  that  town,  may  be  found  on  pages  46  to  48  of  this 
volume.  Analyses  of  samples  of  water  collected  from  the  tributaries 
of  Mill  Brook  are  given  below. 

Chemical  Examination  of  Water  Jrom  the  Tributaries  of  Mill  River  in  Williamsburg, 

[Parts  per  100,000.] 


• 

«* 

S3 
O 

Appbaranob. 

Rksiddbom 

EVAPOBA- 
TIOM. 

Ammokia. 

S         Chlorine.                    1 

NlTROQKN 

AS 

a 

a 

n 

a 
o 

O 

e 

M 

o 

a 
« 

a 

1 

1 

■i 

Loss  on 
Ignition. 

1 

Albaminoid.     { 

• 

1 
s 

Nitrites. 

1 

■i 
1 

Dissolved. 

Sus- 
pended. 

i 

1 

a 

160«l 

1806. 

Feb.  11 

V.  slight. 

V.  slight. 

.30 

2.50 

0.75 

.0008 

.0098 

.0084 

.0014 

.0050 

1 
.0000 

.36 

1.8 

17228 

Aug  17 

Slight. 

Slight. 

.17 

4.90 

1.00 

.OOOtt  .0080 

1 

.00641.0016 

.09 

.OOOoLoOOO  .22 

II 

2.7 

17429 

Sept.  9 

V.  slight. 

Slight. 

.42 

5.90 

2.45 

.0012 

.0170 

.0140  .0030 

1 

1 
.10 

.0070 

.  0001 1  .55 

1 

2.3 

1«062 

Feb. 11 

V.  slight. 

V.  slight. 

.15 

2.70 

0.85 

.0000 

.0070 

.00001 .0010 

1 

.08 

.0050 

.0001, 

.23 

1.2 

17227 

Aug.  17 

None. 

V.  slight. 

.05 

3.85 

0.70 

.0004 

.0042 

.0032  .0010 

.08 

1 

.0030 

.oooo' 

.10 

1.9 

17428 

Sept.  9 

V.  slight. 

V.  slight. 

.10 

4.50 

1.20 

.0016 

.0054 

.0044  .0010 

.10 ! 

.0030.0000 

1 

.23 

1.8 

16063 

Feb.  11 

Slight. 

Slight, 
earthy. 

.18 

2.65 

0.95 

.0000 

.0074 

.0064  .0010 

.08 

.0050 

.0000 

1 

.31 

1.0 

Odor  of  No.  16U63,  faintly  vegetable;  of  the  others,  none.    On  heating,  a  faintly  vegetable  odor  waa 

developed  in  Nos.  16061  and  16062,  and  a  faintly  earthy  odor  in  No.  17428. Noa.  16061, 17228  and 

17429  were  collected  from  the  Bradford  branch  of  east  branch  of  Mill  River;  Nos.  16062, 17227  and  17428 
were  collected  from  the  Conway  brnnch  of  east  branch  of  Mill  River,  at  site  of  old  reservoir;  and  No. 
16063,  from  Goshen  branch  of  Mill  River,  at  bridge  above  Williamsburg. 

Microscopical  Examination, 

The  total  number  of  organisms  per  cubic  centimeter  found  in  each  of  these  samples  was  as  follows : 
No.  16061.  3;  No.  17228, 35;  No.  17429, 12;  No.  16062, 3;  No.  17227,  4;  No.  17428,  7;  No.  16063,  8. 


Water  Supply  of  Williamstown. — Williamstown  Water 

Company. 

Water  from  the  Flora  Glen  Reservoir  was  used  for  the  first  time 
in  the  summer  of  1896,  but,  owing  to  complaints  in  regard  to  the 
quality  of  the  water,  its  use  was  discontinued  in  August.  The 
advice  of  the  State  Board  of  Health  to  the  Williamstown  Water 
Company  with  reference  to  possible  pollution  of  the  water  of  Flora 
Glen  Eeservoir  from  a  house  upon  its  watershed  may  be  found  on 
pages  76  and  77  of  this  volume. 


No,  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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WILL.IAM8TOWX. 

Chemical  Examination  of  Water  from  Cold  Spring  Reservoir^  Williamstown, 

[ParU  per  100.000.] 


a 

s 


10147 
ie504 
16877 
17293 
17738 
18181 


Av. 


APPKARAXCB. 


S 


e 


1806. 

Feb.  25  'None. 

I 
Apr.  28    None. 


June  23 
Aug.  25 
Oct.  27 
Deo.  22 


None. 
None. 
V.  Blight. 
None. 


V.  slight. 

None. 

Blight. 

None. 

Slight. 

V.  slight. 


I 


.03 
.00 
.00 
.00 
.02 
.00 


.01 


i 
1 


12.30 
18.50 
13.70 
12.90 
11.20 
12.10 


12.02 


Ammonia. 

Q 

i 

Albu- 
minoid. 

.0002 

.0022 

.04 

.0000 

.0034 

.05 

.0000 

.0012 

.05 

.0000 

.0012 

.06 

.0040 

.0020 

.07 

.0000 

.0012 

.07 

.0007 

.0020 

.06 

Nitrogen 

AS 


.0380 
.0300 
.0450 
.0350 
.0220 
.0300 


.0338 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


1 

s 

s 


I 


3 

X 


.01 

11.1 

.02 

13.3 

.05 

13.5 

.02 

12.0 

.02 

11.2 

.01 

12.4 

.02 

12.2 

.0060 
.0000 
.0010 
.0010 
.0050 


.0026 


Odor,  none. Nos.  17293  and  18181  were  collected  from  faucets,  and  the  others  from  the  reserroir. 

Microscopical  Examination. 

An  insignlticant  number  of  organisms  was  found  in  these  samples. 


Chemical  Examination  of  Water  from  Sherman  Spring  Reservoir^  Williamstown, 

[Parte  per  100,000.] 


• 

Date  Of 

Collection. 

Appkabakob. 

Besldne  on 

Evaporation. 

Ammomia. 

1 

NiTSOGBM 
AS 

Oxygen 

Consumed. 

• 

1 

Turbidity. 

a 

a 

w 
99 

i: 

o 

a 

1 

Albu- 
minoid. 

V 

• 

i 

10146 

1806. 

Feb.  25 

i  None. 

1 

V.  Slight. 

.00 

4.60 

.0004 

.0020 

.05 

.0100 

.0000 

.01 

2.8 

.0040 

16503 

Apr.  28 

'  None. 

None. 

.01 

6.90 

.0082 

.0042 

.08 

.0070 

.0000 

.07 

5.0 

.0000 

16878 

June  23 

Slight. 

Blight. 

.03 

6.40 

.0006 

.0060 

.06 

.0050 

.0003 

.07 

4.4 

.0010 

17294 

Aug.  25 

Slight. 

Slight. 

.05 

6.70 

.0088 

.0142 

.04 

.0000 

.0001 

.09 

4.9 

.0010 

17739 

Oct.    27 

1 

None. 

Blight. 

.00 

12.10 

.0006 

.0030 

.06 

.0200 

.0000 

.01 

10.6 

.0050 

18179 

Dec.  22 

1 

None. 

V.  slight. 

.00 
.01 

6.30 

.0006 

.0012 

.07 

.0080 

.0000 

.02 

4.9 

.0000 

Av. . . 

■ 

7.16 

.0024 

.0061 

.06 

.0083 

.0001 

.04 

6.8 

.0018 

1 

Odor  of  No.  16878,  distinctly  unpleasant;  of  the  others,  none.    On  heating,  a  distinctly  fishy  odor 

was  developed  in  No.  17294  and  a  distinctly  earthy  odor  in  No.  17739. The  samples  were  collected 

from  the  reservoir. 

Microscopical  Examination. 

An  insignificant  number  of  organisms  was  found  in  these  samples. 
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WILLIAMSTOWK. 

Chemical  Ezamination  of  Water  from  Flora  Olen  Reservoir^  Williamstown. 

[Parts  per  100.000.] 


I 

a 


16148 
16501 
16870 
17292 
17787 
18182 


Av. 


« 
Q 


1896. 

Feb.  25 

Apr.  28 
JaDe23 
Aag.25 
0«t.  27 
Deo.  22 


Appbaramob. 


i 


u 

o 

o 


None. 

N^one. 

DUtlDct, 
milky. 
Slight. 

Slight, 

clayvy. 
None. 


V.  Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  Blight. 


.03 
.01 
.03 
.10 
.05 
.01 


.04 


Kkhiduk  on 
Evapora- 
tion. 


6 
O 


3" 
5 


4.80 
8.70 
5.00 
6.05 
6.70 
4.60 


5.31 


0.35 
0.35 
0.50 
0.80 
0.00 


0.40 


Ammowia. 


Albuminoid. 

•8 

• 

J 

► 

« 

9 

1 

si 

&N 

H 

A 

00 

.0016.0032 
.0004.0054 


.0008 
.0014 


.0056 
.0126 


.0020.0084 
.0002.0024 


.0011 


.0070 


.0024 
.0030 
.0046 
.0002 
.0070 


.0052 


.0008 
.0024 
.0010 
.0034 
.0014 


.0018 


e 

■c 


.05 
.06 
.05 
.03 
.13 
.08 


.07 


NiTROOBN 
AS 


B 

s 


i 


»5    i     O 


.0100 
.0070 
.0030 
.0020 
.0030 
.0060 


.0052 


3 


.0000'  .03 
.0000,1.08 
.OOOl'Lll 


.0001 
.0000 


.16 
.10 


.0000,  .04 


.OOOOli.OO 


2.6 
2.6 
4.1 
4.6 

3.6 
3.4 


Odor,  Id  Auguiit,  decidedly  disagreeable;  at  other  times,  none.    On  heating,  a  distinctly  earthy  odor 
was  developed  la  the  June  sample. The  samples  were  collected  from  the  reservoir. 

Microscopical  Examination* 

An  InsignifloaDt  nnmber  of  organisms  was  found  In  these  samples. 

Chemical  Examination  of  Water  from  Paul  Brook  Reservoir^  Williamstown. 

[ParU  per  100,000.] 


a 

a 
&5 


a 
o 


o 


16145 
16502 
16875 
17291 
17736 
18180 


Av, 


1806. 

Feb.  25 

Apr.28 
Jano23 
Aug  25 
Oat.  27 
Dec.  22 


APPB\S4KGB. 


e 


c 

i 


N'one. 

None- 

SI'ght. 

V.  slight. 

None. 

N'one. 


Slight. 
V.  flight. 
Cons. 
Cons. 
V.  slight. 
V.  slight. 


2 

o 


.00 
.00 
.00 
.02 
.02 
.01 


.01 


Krsiuuk  on 

bVAI'OUA- 
TION. 


o 
H 


I 


9.95 
2.95 
3.90 
4.20 
4.50 
4.10 


4.03 


1.05 
0.50 
0.50 
0.60 
0.20 
0.40 


0.54 


Ammonia. 


A>l)urailinld 

"S 

► 

^ 

• 

mi 

1 

1 

k 

H 

s 

cc 

a 


.0002 
.0000 

.0008 
.0020 
.0000 
.0002 


.0028 
.0018 
.0070 
.0046 
.0022 
.0026 


.0020 
.0018 
.0036 


.0008  .04 

,1 
.0000  1.06 

I 

.0034 '.06 


.0032  .0014  (.06 


.0005.0035 


.0018 
.0024 


.0025 


.0004!. 07 

,1 

.00021.07 


NlTROOBN 
AS 


a 

s 

m 
B 

6 


M 

o 


.0220 
.0030 


.0000 


.0000  .04 


.01 


.0070  .0000  1. 10 

I  '} 

.oiooLoooo'.oo 

I      I 

.0000.0000  .00 

I 

.0050.0000  1.03 


.0010. 06 


.0078 


.0000  .05 


8.1 
2.2 
2.7 
2.7 
2.9 
8.1 

8.6 


Odor  in  April,  distinctly  earthy;  in  June,  faintly  unpleasant;  at  other  times,  none. The  samples 

were  collected  from  the  reservoir. 


Microscopical  Examination* 
An  idsignlflcant  number  of  organisms  was  found  In  these  samples. 
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Water  Supply  of  Winchendon. 
Population  in  1895,  4,490.  The  works  are  owned  by  the  town, 
and  water  was  introduced  in  December,  1896.  The  source  of  sup- 
ply is  a  covered  masonry  well  28|  feet  in  diameter  and  25  feet  deep, 
located  in  Prentiss  Meadow,  in  the  valley  of  Miller's  River,  about 
11  miles  south-east  of  the  village.  The  supply  obtained  from  the 
well  is  supplemented  by  a  line  of  12-inch  tiled  pipe,  which  has  been 
laid  with  open  joints,  extending  from  the  well  a  distance  of  about  375 
feet,  with  short  branches  at  frequent  intervals,  the  total  length  of 
pipe  being  about  1,065  feet.  This  pipe  has  been  laid  about  5  feet 
beneath  the  surface  of  the  ground.  Water  is  pumped  from  the  well 
to  the  town  and  to  a  covered  masonry  reservoir  13,000  feet  distant 
from  the  pumping  station.  The  distributing  reservoir  is  circular  in 
form,  having  a  diameter  of  70  feet  and  a  depth  of  19  feet.  Service 
pipes  are  of  wrought  iron  coated  with  tar. 

Water  Supply  of  Winchester. 

Chemical  Examination  of  Water  from  the  North  Beservoir  of  the  Winchester  Water 

Works, 

[ParU  per  100,000.] 


• 

a 

1 

i 

o 

s 

m 

Appbasancs. 

KE8IDDB  CM 

EVAPOBA- 

TIOM. 

AmcowiA. 

• 

a 

i 

i 

NITROOBN 
AS 

• 

•o 

a 

9 
«p 

a 

8 

a 

& 

t 

1 

H 

Lesson 
Ignition. 

• 

Albuminoid. 

• 

e 

♦* 
7i 

• 
H 

1 

a 

• 

1 

i 
> 

Sus- 
pended. 

» 

1896. 

< 

15846 

Jan.    7 

Decided. 

Slight. 

.18 

7.00 

1.96 

.0010  .0224 

.0194 

.0080 

1.03 

.0180 

.0002 

.34 

2.9 

16011 

Feb.  4 

v.  tllght. 

v.  Blight. 

.12 

7.85 

3.40 

.0040 

.0184 

.0166 

.0018 

1.00 

.0280 

.0003 

.36 

2.6 

16182 

Mar.  3 

Slight, 
milky. 

Slight. 

.12 

6.50 

1.70 

.0102 

.0192 

.0180 

.0012 

0.77 

.0200 

.0003 

.29 

2.5 

16367 

Apr.  7 

DisUoct. 

Slight. 

.12 

6.00 

1.66 

.0012 

.0192 

.0188 

.0054 

0.76 

.0380 

.0000 

.38 

2.7 

16639 

May   5 

DisUnct, 
white. 

Slight. 

.10 

5.85 

1.70 

.U016 

.0204 

.0174 

.0030 

0.80 

.0180 

.0002 

.24 

2.4 

16711 

Jone  2 

Decided 

Slight. 

.12 

5.80 

1.80 

.0012 

.0234 

.0152 

.0082 

0.77 

.0070 

.0002 

.32 

2.9 

16925 

July  7 

V.  alight. 

Slight. 

.12 

5.95 

1.60 

.0002 

.0220 

.0186 

.0034 

. 

.0030 

.0000 

.29 

2.5 

17124 

Aug.  4 

Decided. 

Cona., 
green. 

.08 

5.90 

1.80 

.OOOU 

.0222 

.0172 

.0050 

0.82 

.0000 

.0000 

.30 

2.6 

17340 

Sept.  2 

Distinct. 

Slight. 

.15 

6.50 

1.60 

.0004 

.0276 

.0212 

.0064 

0.82 

.0000 

.0001 

.36 

2.6 

17583 

Oct.    6 

Diatinct. 

Slight. 

.05 

5.90 

1.70 

.0010 

.0352 

.0220 

.0182 

0.82 

.0000 

.0000 

.40 

2.6 

17776 

Nov.  3 

Decided, 
green. 

Cona., 
green. 

.12 

7.10 

2.45 

.0006 

.0278 

.0212 

.0066 

0.86 

.0020 

.0001 

.29 

2.6 

17986 

Deo.  2 

Decided. 

Slight. 

.12 

6.05 

1.90 

.0054 

.0320 

.0200 

.0120 

0.92  .OU.'.o  .0000 

.34 

2.7 

Averages  by  Years 


1887* 

. 

^ 

.11 

5.08 

1.18 

.0015 

.0196 

„ 

« 

0.53 

.0037 

^ 

^ 

„ 

1888 

^ 

. 

.15 

4.93 

1.24 

.0045 

.0273 

- 

> 

0.47 

.0131 

.0003 

— 

. 

. 

1889 

. 

. 

.14 

4.52 

1.18 

.0022 

.U222 

.0175 

.0047 

0.47 

.0106 

.0003! 

. 

• 

„ 

1890 

. 

— 

.00 

5.30 

1.31 

.0017 

.0201 

.0160  .0041 

0.62 

.0163;. 00021 

— 

2.7 

„ 

1891 

. 

• 

.10 

4.94 

1.39 

.0034 

.0222 

.0169 

.0053 

0.61 

.0152.0001 

— 

2.1 

„ 

1892 

. 

. 

.06 

5.23 

1.59 

.0058 

.0217 

.0177 

.0040 

0.60 

.0192j.0002 

— 

2.5 

„ 

1803 

. 

. 

.07 

5.13 

1.62 

.0066 

.0252 

.0172 

.0080 

0.69 

.0127 

.0002 

.27 

2.3 

. 

1894 

. 

— 

.09 

5.85 

1.86 

.0017 

.0108 

.0160 

.0038 

0.82 

.0076 

.0001 

.25 

2.6 

„ 

1895 

. 

. 

.11 

6.50 

2.05 

.0024 

.0203 

.0169 

.0034 

0.91 

.0183  .0002 

.29 

2.6 

- 

1896 

- 

• 

.12 

6.32 

1.94 

.0022 

.0242 

.0184 

.0058 

0.86 

1 

.0116  .0001 

.32 

2.6 

*  June  to  December. 
KOTC  to  analysea  of  1896:  Odor,  generally  dialinctly  vegetable.  occ<i»lonAlly  mnnldy  or  nnpleasant; 
Id  Jane,  dlatinetly  dshy  and  oily.——  The  aamplea  were  collected  from  the  reservoir. 
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WINCHESTER. 

Microscopical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Works, 

[Namber  of  orgaoisms  per  cable  eentlmeter.] 


Day  of  examination,       . 
Number  of  aample, . 


PLANTS. 
Diatomacees,    . 

ABterionella,      . 
Cyclotella, . 
Diatoma,    .       . 
Meloalra,    . 
Navlcala,    . 
NltzBchia,  .       . 
Bteptaaoodiscat, 
Bynedra,     . 
Tabellaria, 


Oyanophycees, 


AnabflDoa,  . 
Mlcrocystii, 


Alff8B, 


ProtococcuSt  . 

Raphldium,  . 

Scenedesmas,  . 

Belenattrum,  . 


ANIMALS. 
Inftisoria,    . 


DinobryoD, 
Hallomonaa,      . 
Monaa, 
Peridlnium, 
Tracholomonas, 
Urogleoa,  .       . 
Vortloella,         . 


Vermes, 


Aaplaochna, 
Rotifer, 


3fl8ceUaneou8, 

Aearlna* 
ZoQgloea, 


Total, 


18»6. 


Jan. 


Feb. 


Mar.  Apr 


May. 


Jane.    July. 


Ang. 


Sept. 


Oct.  I  Nov. 


Dec 


8 
15846 


5 
16011 


8 


16182 16367 


7,t80 

7,188 
6 
0 
0 
0 
0 
0 
0 
67 


185 

124 

11 

0 

ftO 


Crustacea,  Cyclops, . 


0 
0 
0 
0 
0 
0 
0 


7.465 


6 
16539 


3 
16711 


7 
16925 


5 
17124 


6 


17349  17583 


4 

17776 


8 

17086 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


2 
0 
0 
0 


110 

94 
0 
0 
0 
0 
0 

12 
4 
0 


0 
0 


19 

0 

19 

0 

0 


318 

156 
0 
6 
0 
0 
2 
8 

116 
30 


0 

0 


20 

0 

20 

0 

0 


268 

54 

0 

0 

40 

2 

0 

64 

24 

84 


0 
0 


10 

0 

10 

0 

0 


150 

10 
0 
0 

68 
0 
0 

28 
6 

88 


18 

4 

14 


80 

2 

76 

2 

0 


0 
2 
0 
0 
0 
0 
0 

1 

0 


0 

1 


64 

0 

64 

0 

0 


132 

2 
104 
0 
20 
0 
6 
0 
0 
0 


0 
0 


92 

0 

92 

0 

0 


547 

0 
500 
0 
44 
0 
0 
0 
3 
0 


4 
1 


141 

0 

140 

1 

0 


12 
8  I 
0  ' 
360 
2 
0 
0 
4 
0 


0 

4 


392 


152 

0 
06 
0 
52 
4 
0 
0 
0 
0 


14 

10 

4 


2l 
388  1,200 


2 
0 


24 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 


3 

14 

10 

26 

0 

10 

6 

4 

6 

0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

1 

0 

0 

0 

0 

6 

0 

0 

0 

2 

12 

0 

2 

0 

4 

3 

0 

0 

0 

0 

2 

2 

0 

0 

2 

4 

4 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

2 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

.02 

0 

0 

.02 

0 

0 

.02 

0 

40 

10 

10 

.06 

40 

20 

5 

60 

240 

80 

120 

0 

0 

.02 

.06 

0 

0 

0 

0  1  .10 

.02 

0 

40 

10 

10 

0 

40 

20 

5 

60  240 

80 

120 

12 


144 


354  328   294 


73  I  294 


939  868 


0 
2 
0 
0 
0 
0 
2 
0 
0 


1 

0 


1,226  36 


84 
0 
0 


0 
0 
0 
0 
2 
2 
0 


0 
0 


.26 


60 

0 
60 


1,518  105 
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WINCnESTER. 

Chemical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester  Water 

Works, 

[Parts  per  100,000.] 


• 

1 

m 

1 

a 

a 
'A 

18»6. 

15848 

Jko.  7 

16018 

Feb.  4 

16183 

Mar.  3 

16366 

Apr.  7 

IdMl 

May  5 

16718 

Jaoe  2 

16027 

Jaly  7 

17123 

Aug.  4 

17861 

Sept.  2 

17585 

Oct.  6 

17778 

Nov.  8 

17988 

Dec.  2 

Appbabancb. 


Distinct. 

Slight. 

Slight. 

Dlstloct, 

green. 

Decided. 

Decided. 

Distinct. 

Decided. 

Decided. 

Distinct. 

Distinct, 
*  green. 
Distinct. 


e 

a 


g 


Slight. 
Slight. 

Slight, 

green. 
Slight, 

green. 
Oons., 

green. 
Slight, 

green. 
Cons., 

green. 
Cons. 

Slight. 

Slight. 

Slight, 

brown. 
Slight. 


.18 
.12 
.18 
.25 
.25 
.22 
.20 
.12 
.18 
.12 
.27 
.12 


KSSIDUK  CM 

EVAPOBA- 

TION. 


1 

Lesson 
Ignition 

4.15 

1.80 

4.45 

2.25 

4.05 

1.90 

4.10 

1.45 

8.75 

1.40 

4.40 

1.55 

4.10 

1.70 

4.45 

1.70 

4.85 

1.90 

4.25 

1.75 

4.60 

2.00 

8.45 

1.65 

Ammoioa. 


.0004 
.0016 
.0000 
.0024 
.0000 
.0002 
.0004 
.0000 
.0004 
.0012 
.0254 
.0166 


Albuminoid. 


^ 


.0296 
.0240 
.0298 
.0324 
.0326 
.0308 
.0354 
.0286 
.0510 
.0438 
.0282 
.0254 


I 


1 

00 


.0278 
.0218 
.0252 
.0284 
.0220 
.0226 
.0296 
.0232 
.0330 
.0824 
.0248 
.0210 


.0018 
.0022 
.0046 
.0090 
.0106 
.0082 
.0058 
.0054 
.0180 
.0114 
.0034 
.0044 


« 
a 


.37 
.38 
.28 
.32 
.40 
.31 
.38 
.48 
.40 
,40 
«38 
.40 


NiTBOGKN 
AS 


i 


5 

s 


.0030 
.0000 
.0020 
.0000 
.0020 
.0000 
.0050 
.0030 
.0000 
.0000 
.0080 
.0200 


.0000 

.OOOOj 

.0000 

.0001 

.0000 

.0000  .43 

I 
.0000,1.49 

.0000: '.52 


a 


B 
M 

o 


.40 
.41 
.35 
.39 
.41 


.0002  .52 


.0000 
.0001 
.0001 


.51 
.34 
.35 


OS 

a 
■2 

a 


Averages  by  Years, 


1891* 

- 

- 

.60 

5.73 

2.09 

.0110 

.0486 

.0361 

.0125 

.40 

.0094 

.0006 

- 

2.3 

- 

1892 

- 

- 

.51 

5.17 

2.04 

.0065 

.0392 

.0318 

.0074 

.38 

.0118 

.0002 

- 

2.2 

- 

1893 

- 

- 

.34 

4.78 

1.86 

.0064 

.0291 

.0216 

.0075 

.36 

.0093 

.0002 

.49 

2.1 

- 

1894 

- 

- 

.18 

4.66 

1.76 

.0049 

.0267 

.0232 

.0035 

.41 

.0024 

.0001 

.46 

1.9 

- 

1895 

- 

- 

.18 

4.44 

1.77 

.0039 

.0261 

.0226 

.0035 

.41 

.0070 

.0001 

.41 

1.9 

- 

1896 

- 

- 

.18 

4.22 

1.75 

.0040 

.0826 

.0256 

.0070 

.37 

.0036 

.0000 

.43 

1.6 

*  August  to  December. 


Note  to  analyses  of  1896:  Odor,  generally  distinctly  vegetable,  occasionally  tmpleasant;  in  June, 
faintly  fishy  and  oily.  On  heating,  the  odor  of  Nos.  16366  and  16541  became  fishy.  -^  The  samples  were 
collected  from  the  reservoir,  near  the  gate  house. 
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WINCETESTER. 

Microscopical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 


AnabiBDa,  .  • 
ClatbrocystU,  . 
MicrocyBtis,       . 


Alg»i 


ProtococcuB, 

Rapbidiura, 

BcenedesmuB, 

SeleDa«trum, 

Zodtpores, 


[Number  of  organisms 

per  cubic  centimeter.] 

ltt»6. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aug. 

Sept. 

1 
Oct.    Nov.  Dec 

1      . 

Day  of  examination, 
Namber  of  sample, . 

•  a              • 

•  •             • 

8 
15848 

6 
16013 

4 

16183 

8 
16366 

6 
16541 

8 
16713 

7 
16927 

5 
17123 

2 
17361 

0        4 
17586  17778 

3 

17988 

PLANTS. 

DiatomacesB,  . 

Asterionella,  .       . 

Oyclotella, 

Navicula,  .  .       .       . 

Nitzscbia,  .  .        .       . 

bynedra.     .  .       .       • 

Tttbellaria,  .        . 


OyanophycesB, 


1,290 

1,284 

1 

0 
0 

1 

4 


35 

0 
0 
6 
6 
24 


10 

73 

18 

14 

60 

8 

15 

9 

«4 

9 

0 

5 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

6 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8 

3 

8 

5 

0 

6 

0 

0 

6 

0 

50 

0 

3 

0 

0 

0 

0 

0 

80 

215 

0 

0 

0 

0 

0 

78 

212 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

3 

0 

194 

45 

401 

1 

80 

88 

0 

0 

1 

0 

0 

10 

0 

0 

0 

4 

400 

1 

10 

88 

0 

2 

40 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

192 

0 

0 

0 

10 

0 

58 

86 
0 
0 
0 

12 
8 


48 

40 
8 
0 
0 
0 
0 


3,212  400 
3,200|  400 

4I     0 

8'      0 


140  228 

06  10 

44'  216 

01  2 


0 
0 


6 


0 
0 
0 
0 


0 
0 
0 


40 

0 
40 
0 
0 
0 


104 

64 
8 
0 

24 
8 
0 


0 
0 
0 


64 

0 

48 

0 

0 

16 


ANIMALS. 

Infusoria.    . 


Ciliated  Infusorlan,  . 
Cryptomonas,    . 
Dinobryou,        • 
Monas, 
Peridiniura, 
Tracbelomonas, 
Urogiena,  . 


Vermes, 


Anurea, 
Polyarihra, 
Rotatorlan  ova, . 
Rotifer,      . 


•       • 


•        • 


Orustacea,  Cyclops, . 


•      • 


Miscellaneouit . 


Acarioa, 
Zu5glusa, 


0 

0 

458 

8 

pr. 

8 

7 

0 

0 

0 

5 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

50 

0 

0 

0 

0 

0 

0 

400 

0 

0 

8 

0 

0 

0 

1 

0 

0 

0 

6 

0 

0 

0 

3 

0 

0 

1 

0 

0 

8 

0 

pr. 

0 

0 

0 

1 

0 

4 

11 

0 

0 

0 

1 

0 

1 

9 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

8 
0 
0 
4 


8 

18 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

6 

18 

0 

0 

2 

6 

2 

4 

0 

2 

0 

0 

0 

0 

0 

.02 

20 

0 

10 

100 

10 

60 

.21 

60 

120   100 

140 

0 

0 

0 

0 

0 

0 

.21 

.02 

0    .04 

0 

20 

0 

10 

100 

10 

60 

0 

60 

120 

100 

140 

6 

0 
0 
0 
0 
2 
4 
0 


0 
0 
0 
0 


.01 


100 

0 
100 


Total. 11.345 


10 


278 


621 


487 


182 


126 


385 


3,544 


786 


210 


274 
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WINCHESTER. 

Chemical  Examination  of  Water  from  the  Middle  Reservoir  of  the  Winchester 

Water  Works. 

[ParU  per  100,000.] 


§ 


a 
o 

I 

o 


15847 
16012 
16184 
16365 
16540 
16712 
16926 
17147 
17350 
17684 
17777 
17987 


1896. 

Jan.   7 

Fab.  4 
Mar.  8 

Apr.  7 
May  6 
Jane  2 
July  7 
Aug.  7 
Sept.  2 
Oct.  6 
Nov.  8 
Dee.  2 


Apteabamob. 


1 


9 


o 


Dedded. 
Dlatinet. 

Decided, 
green. 

Decided, 
green. 

Decided. 

Thick, 
green. 

Decided, 
green. 

Decided, 
green. 

Decided. 

Diatinct. 

Decided, 

green. 

DiaUnct. 


Slight. 
Slight. 

Slight, 

green. 
Slight, 

green. 
Cons., 

green. 
Cona. 

Slight, 
green. 

Oona., 
green. 

Slight. 

Slight. 

Slight, 

green. 
Slight. 


.85 
.80 
.38 
.30 
.30 
.40 
.43 
.47 
.70 
.38 
.50 
.50 


Rksidub  on 

EVAPORA- 

TIOH. 

1 

• 

1 

•  ►-' 
9 

4.10 

2.25 

4.45 

2.55 

3.60 

1.90 

4.15 

1.85 

4.45 

2.80 

4.50 

2.35 

4.60 

2.30 

5.10 

2.60 

5.46 

2.80 

4.60 

2.20 

4.70 

2.65 

3.70 

2.15 

Ammohia. 


Albuminoid. 

i 

• 

T3 

i 

H 

.0004 
.0004 
.0000 
.0000 
.0002 
.0000 
.0000 
.0008 
.0008 
.0012 
.0004 
.0010 


.0586 
.0450 
.0466 
.0470 
.0488 
.0694 
.0526 
.0586 
.0690 
.0558 
.0490 
.0434 


.0510  .0076 


.0368 
.0852 
.0296 
.0894 
.0330 
.0864 
.0330 
.0390 
.0480 
.0342 


f 
.0082 

.0114 

.0174 

.0OV4 I 

.0162 
.0206 
.0600 
.0128 
.0148 


.0876  .ttOSS 


a 

•c 

I 


.40 
.36 
.27 
.32 
.88 
.31 
.35 
.40 
.38 
.40 
.39 
.40 


NiTBOOKK 


h 


3 

s 

2 


i    ll 


.0070 
.0030 
.0030 
.0030 
.0050 
.0030 
.0030 
.0030 
.0030 
.0030 
.0100 
.0180 


.0001 
.0001 


6 


s 
o 

a 

M    8 

o  a 


3 

e 


.68 
.63 


.0000  .54 
.00001.55 


.0000 
.0000 


.60 
.68 


.0000  .76 


.0000 
.0001 
.0000 
.0001 
.0000 


.76 
.91 
.77 
.72 
.71 


Averages  by  Years. 


1.8 

1.0 

1.1 

1.4 
1.2 
1.6 
1.4 
1.7 
1.6 
1.4 
1.1 
0.9 


• 

1894* 

. 

- 

1 

.79  1 

1 

6.48 

3.02 

.0045 

.0723 

.0485 

.0238  .44  \ 

.0032 

1 
.0001  .86 

1.5 

- 

1896 

- 

- 

.41 

4.84 

2.58 

.0054 

.0693 

.0462 

.0231 

.41  . 

.0065 

.0001  1.70 

1.3 

- 

1896 

- 

- 

.41 

4.45 

2.28 

.0004 

.0624 

.0373 

.0151 

.36  . 

1   1 

.0053 

.0000  !. 69 

1.3 

*  May  to  December. 


NoTS  to  aoalyaea  of  1896:  Odor,  generally  dUtinctly  vegetable,  aometimea  nnpleaaant,  frequently 
becoming  graaay  or  mouldy  on  heating.  In  June  the  odor  waa  decidedly  fiahy  and  oily.  ^~  The  earn, 
plea  were  collected  from  the  reaervolr,  near  the  dam. 
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WINCHESTER. 

Microscopical  Examinaiion  of  Water  from  the  Middle  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1806. 


Jan. 


Feb 


Mar. 


Apr. 


May. 


June. 


Jaly. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec 


Day  of  examination, 
Number  of  sample, 


8 
16847 


6 
10012 


4 
10184 


8 
10365 


6 
10540 


8 

10712 


7 
10926 


7 
17147 


2 
17350 


6 

17584 


4 

17777 


8 
17987 


PLANTS. 

Diatomacees, 

Asterionella, 
Oycloiella, . 
Fragllarla,  . 
Navicula,  . 
Nitzscbia,  . 
Bynedra,  . 
Tabellarla, 

Oyanophyceae, 

Anabeena,  . 
MicrocystlB, 

Alff8B,       . 

Ccelastrum, 

ProtococcuB, 

Raphldium, 

Bcenedesmus, 

Belenastrum, 

Btaurastrum, 

Zoospores, 

Funerl,  Leptothrlx, 


1M 

0 
0 
0 
0 
0 
118 
8 

0 
0 


1,510 

0 

1,820 

41 

118 

20 

5 

0 


76 

0 
0 
0 
0 
0 
70 
0 

0 

0 
0 

480 

0 
448 
2 
10 
0 
0 
0 


0 
0 

4,014 

0 

4,000 
2 
0 
0 
2 
4 


80 

70 
0 
0 
0 
0 

10 
0 


0 
0 

1,216 

2 
0 
14 
1,200 
0 
0 
0 


808 

800 
0 
0 
2 
0 
6 
0 


0 
0 

1,650 

0 
0 

83 
1,600 

15 
2 
0 


1,360 

1,200 
0 
0 
0 
0 
100 
0 

17 

17 

0 

6,600 

0 
0 
1,000 
5,000 
0 
0 
0 


1,680 

0 
170 
1,504 
0 
0 
0 
0 

to 

10 

4 

816 

0 

20 

40 

260 

0 

0 

0 


22 

0 
0 
0 
2 
20 
0 
0 

15 

15 
0 

133 

1 

0 

80 
82 

0 
20 

0 

800 


728 

0 
0 
0 
0 
720 
8 
0 

24 

8 
10 

192 

8 

0 

10 

130 

0 

82 

0 

800 


0 
0 
0 
4 
0 
0 
0 

2 

2 
0 

126 

0 
0 
48 
70 
0 
2 
0 


236 

4 

0 
0 
0 
0 
232 
0 


0 
0 

1,000 

0 

82 

600 

408 

0 

0 

0 


40 

0 
8 
0 
0 
8 
0 
24 


0 
0 

68 

0 
4 
4 

12 
0 
0 

80 


ANIMALS. 


Inftisoria,   . 

Crypto  monas,  . 
Dinobryon,  . 
Euglena,  .  . 
Mallomonas, 
Monas,  .  . 
Peridlnium,  • 
Pbacus,  .  . 
Bynara, 

Raphidomonas, . 
Trachelomonas, 
Uroglena,  . 


Vermes, 

Anguillula,  • 
Anurea,  .  . 
Asplanchna,  • 
Polyartbra, 
Rotatorian  ova, . 
RoUfer, 


Crustacea, . 


Cyclops, 
Dapbnla, 


0 
0 
1 
1 
0 
80 
0 
0 
0 
0 
0 

2 

0 

1 

0 
0 
0 


148 

0 
0 
0 
0 
0 
148 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 


200 

0 
24 

8 

4 

0 
108 

0 
40 

0 
14 

2 

2 

0 
0 
2 
0 
0 
0 

.02 

.02 
0 


258 

0 

74 

24 

2 

00 

62 

0 

2 

0 

44 

0 

2 

0 
0 
0 
0 
2 
0 

.02 

0 
.02 


159 

0 
65 
4 
1 
0 
1 
0 
0 
0 
0 
92 

22 

0 

12 

2 

4 
4 
0 


285 

0 
0 
0 
0 
0 

100 
0 
0 
0 

100 
25 

4 

0 
1 
0 
0 
0 
3 

0 

0 
0 


178 

00 
0 
2 
0 

40 

20 
0 
0 
0 

60 
0 

2 

0 
2 
0 
0 
0 


536 

0 
0 

4 

4 

0 

4 

12 

0 

210 

200 

0 

20 

0 
8 
0 

4 
4 
4 

0 
0 


342 

0 
0 
0 
2 
0 
0 
0 
0 
140 
200 
0 


0 
2 
0 
2 
0 
0 


0 
0 


42 

2 
0 
0 
0 

• 
80 
0 
0 
0 
10 
0 

4 

0 

4 

0 

.  0 

0 


20 

3 
0 
0 
0 
0 
0 

1 

0 

0 

10 

0 

0 

0 
0 
0 
0 
0 
0 


0 
0 


Miscellaneous, 

Acarina,     . 
Zobglosa,    . 


40 

.02 
40 


0 

0 
0 


60 

.04 
00 


100 

0 
100 


100 

10 

60 

160 

90 

60 

0 

0 

.02 

0 

.02 

0 

100 

10 

80 

100 

00 

00 

40 


Total, 


1,714 


084 


4,224 


1,010  2,789 


8,800 


2,0421,280 


2,400 


608 


1.842 


160 
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WINTHROP. 

Water  Supply  op  Winthrop. 

(See  Bevere,) 

Water  Supply  of  Woburn. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  the  city  of  Woburn,  relative  to  the  quality  of  the  water 
supplied  to  the  city,  may  be  found  on  pages  48  and  49  of  this 
volume. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Woburn  Water 

Works. 

[Parts  per  100,000.] 


I 


15985 
16104 
16201 
16443 
16631 
168'J0 
17020 
17261 
17436 
17690 
17897 
18146 


.1 


18»6. 

Jan.  22 
Feb.  19 
Mar.  18 
Apr.  21 
May  20 
June  18 
July  20 
Aug.  20 
Sept.  14 
Oct.  21 
Nov.  18 
Dee.  16 


Afpsaxaxos. 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
Slight. 
None. 


a 


.01 
.00 
.00 
.00 
.00 
.02 
.01 
.01 
.01 
.01 
.00 
.00 


at 


10.70 
11.10 
10.36 
10.65 
11.00 
10.10 
11.10 
10.50 
10.86 
9.70 
10.25 
10.10 


Ammohia. 


.0080 
.0032 
.0080 
.0028 
.0062 
.0028 
.0022 
.0032 
.0086 
.0082 
.0038 
.0088 


.0022 
.0022 
.0036 
.0032 
.0036 
.0022 
.0022 
.0050 
.0026 
.0040 
.0088 
.0026 


1.74 
1.71 
1.68 
1.58 
1.53 
1.52 
1.50 
1.49 
1.48 
1.50 
1.64 
1.49 


MlTBOOKV 
A8 


f 


.0320 
.0400 
.0280 
.0270 
.0250 
.0220 
.0180 
.0180 
.0100 
.0180 
.0280 
.0260 


I 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


a 

s 


H 


.04 
.02 
.05 
.02 
.03 
.03 
.02 
.07 
.02 
.05 
.04 
.06 


6.0 
4.5 
4.7 
5.3 
5.0 
5.1 
5.1 
4.9 
4.7 
4.8 
5.6 
6.8 


I 


.0010 
.0000 
.0000 
.0020 
.0020 
.0020 
.0030 
.0000 
.0010 
.0026 
.0000 
.0000 


Averages  by  Tears, 


1887* 

.00 

12.06 

.0014 

.0028 

2.40 

.0814 

s 

1888 

• 

• 

.00 

12.00 

.0012 

.0082 

2.50 

.0346 

.0000 

. 

. 

. 

• 

1889 

• 

• 

.00 

10.84 

.0010 

.0022 

2.07 

.0372 

.0000 

. 

• 

. 

• 

1890 

.. 

• 

.01  , 

11.06 

.0012 

.0023 

1.91 

.0481 

.0000 

• 

6.0 

• 

. 

1801 

• 

« 

.00 

10.85 

.0008 

.0016 

1.79 

.0668 

.0000 

. 

4.9 

. 

. 

1802 

. 

. 

.00 

11.27 

.0012 

.0024 

1.95 

.0542 

.0000 

. 

6.1 

. 

. 

1808 

. 

. 

.00  ' 

11.50 

.0022 

.0018 

2.04 

.0447 

.0000 

.06 

6.3 

.0004 

• 

1804 

. 

. 

.01 

11.02 

.0026 

.0018 

1.94 

.0262 

.0000 

.05 

6.0 

.0021 

• 

1806 

• 

• 

.01 

10.82 

.0031 

.0022 

1.74 

.0204 

.0000 

.06 

4.9 

.0028 

• 

1806 

" 

" 

.01 

1 

10.49 

.0083 

.0081 

1.66 

.0242 

.0000  . 

1 

.04 

6.0 

.0011 

*  June  to  Deeember. 
KoTB  to  analysee  of  1806:  Odor,  none.— —The  aamplee  were  colleeted  from  the  fllter-gallery. 


Microscopical  Examination. 

An  Insignificant  number  of  organisms  was  found  In  No.  10291;  no  organisms  were  foond  In  the  re- 
maining samples. 
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WQBI7RN. 


Chemical  ExamincUion  of  Water  from  Horn  Pond^  Wobum. 

[ParU  per  100,000.] 


S 

a 
S5 


I 


a 

& 


15934 
16103 
16290 
16442 
16630 
16828 
17019 
17260 
17434 
17689 


1806. 

Jan.  22 

Feb.  19 
Mar.  18 
Apr.  21 
May  20 
JanelS 
July  20 
Aag.20 
Sept.l4 
Oct.  21 


17896  'Nov.  18 

I 
18145  I  Deo.  16 

1 


Appbakanob. 


1 


^0 

1 

I 


V.  slight. 

Decided, 

green. 

DisUnct. 

Distinct. 

DisUnct. 

Decided, 
green. 
Slight. 

Distinct, 

green. 

Decided. 

Distinct, 
green. 

Distinct, 
green. 

Distinct. 


Slight. 
Slight. 
Slight. 

Cons., 

green. 
Cons , 

green. 
Cons., 

green. 
Slight. 

Slight, 
green. 

Cons., 
green. 

Slight. 

Cons., 

green. 
Slight. 


rssiditb  on 
Evapora- 
tion. 


5 


a 
o 

3 
Be 


.40 

1 

9.35 

.35  1 

0.55 

.87 

7.55 

.27 

6.95 

.27 

7.40 

.27 

7.60 

.23 

8.50 

.20 

8.70 

.20 

8.45 

.28  1 

8.20 

.20, 

8.40 

.23 

8.55 

8.00 
8.80 
2.70 
2.05 
2.70 
2.10 
2.75 
2.00 
1.80 
2.00 
2.00 
2.20 


Ammonia. 


Albuminoid. 

• 

• 

1 

• 

1 

• 

-a 

"8 

•  S 

g 

"5 

m 

S^ 

£ 

H 

a 

OQ 

.0008 
.0056 
.0102 
.0010 
.0006 
.0010 
.0044 
.0000 
.0000 
.0184 
.0068 
.0034 


.0290 
.0308 
.0200 
.0308 
.0286 
.0286 
.0352 
.0378 
.0426 
.0336 
.0866 
.0312 


.0170 
.0174 
.0170 
.0156 
.0184 
.0196 
.0216 
.0230 
.0222 
.0232 
.0232 
.0200 


.0120 
.0134 
,0030 
.0152 
.0102 
.0090 
.0136! 
.0148 
.0204 
.0104 
.0134 
.0112 


o 
C 

•c 

o 


1.20 
1.00 
0.98 
0.97 
1.10 
1.15 
1.30 
1.27 
1.26 
1.30 
1.30 
1.37 


NiTHOQBN 
AS 


I 


s 


.1360 
.1150 
.0760 
.0900 
.0400 
.0500 
.0070 
.0050 
.0000 
.0070 
.0150 
.0800 


.0010 
.0013 
.0009 
.0011 
.0014 
.0025 
.0020 
.0000 
.0000 
.0006 
.0008 
.0003 


a 

0 


6 
I 

M 

o 


.48 
.42 
.44 
.84 
.36 
.35 
.35 
.42 
.84 
.38 
.37 
.48 


8 


8.1 
2.0 
2.9 
2.7 
2.8 
8.1 
8.1 
2.9 
8.1 
3.2 
8.8 
8.9 


Averages  by  Tears, 


1887* 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 


.44 

13.79 

2.19 

.0149 

.0480 

- 

3.74 

.O224J  - 

1 

1 

.32 

11.28 

1.71 

.0186 

.0383 

- 

1 

2.98 

.0398  .0015 

- 

.30 

8.87 

2.03 

.0092 

.0376 

.0216.0160 

1 

t.98 

.0498'. 0015 

- 

.27 

10.76 

2.07 

.0080 

.0880 

.0211 .0169 

1    1 

1.93 

.0542  .0008 

- 

.22 

'  8.90 

j 

2.06  ' 

.0129 

.0453 

.0237 

.0216 

1.76 

.0602.0009 

- 

.25 

10.57 

2.18 

.0110 

.0358  .0216 

.0142 

2.42 

.0821  .0008 

- 

.80 

9.83 

2.51 

.0061 

.0455 

.0247 

.0208 

2.10 

.0472  .0009 

.45 

.38 

9.03 

1.98 

.0065 

.0292 

.0184 

.0108 

1 

1.84 

.0404.0009 

.40 

.36 

9.43 

1 

2.84 

.0087 

.0297 

.0205 

.0092 

1.53 

.0623  .0014 '.48 

.27 

,  8.27 

2.43 

.0043 

.0321 

.0199 

.0122 

1 

t.l8 

.0476  .0010 

.39 

8.4 
2.9 
3.8 
3.2 
3.8 
3.4 
3.1 


*  June  to  December. 


Note  to  analyses  of  1896 :  Odor,  distinctly  vegetable.  A  sweet  grassy  or  mouldy  odor  was  devel- 
oped in  some  of  the  samples  on  heating.  <—— The  samples  were  collected  from  the  pond  at  its  outlet, 
1  foot  beneath  the  surface. 
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WOBUBX. 

Microscopical  Examination  of  Water  from  Horn  Pond,  Woburn. 

[Number  of  organUmt  per  cubic  centimeter.] 


1896. 


Jan. 


Feb.    Mar. 


Apr. 


May. 


June. 


Jnly. 


Aug 


.Sept. 


Oct. 


^ov. 


Dec. 


Day  of  examination. 
Number  of  aamplo,  . 


23 
15934 


21 
16103 


20 
16290 


22 


21 


1644216630 


19 
16828 


21 
17019 


21 

17260 


14 
17434 


22       19 


14 


17689  17896  18145 


PLANTS. 

DiatomacesB,    . 

Asterionella,      . 
Melosira,    .        • 
Navibula,    . 
Nilzfcbla,  . 
Synedra,    .        . 
Tabellarla. 


CyanophycesB, 

Anabasna, 
Clathrocyatls, 
CcBloaphsBrium, 
Microcystis, 
Oscillaria,  . 

Alg»*      • 

Coamarium, 

Pedlastrum, 

Protococcua, 

Kaphldium, 

Bcenedesmus, 

Blaurasirum, 

Zubspores, . 


PunGTlt  Crenothrix, 


330 

192 
9 
1 
0 

128 
0 


0 
0 
0 
0 
0 

19 

0 
0 
11 
0 
8 
0 
0 


86 

18 

16 

0 

0 

32 

0 

0 

0 
0 
0 
0 
0 


36 

30 
3 
0 
0 
3 
0 

0 

0 
0 
0 
0 
0 


26      21 


0  < 
0 
0 
0 
2 
0 
24 


0 
0 
21 
0 
0 
0 
0 


5,080  8,500 
5,000  8,000 


0 
0 
0 

16 

20 

0 
0 
0 
0 
20 


0 
0 
0 
500 
0 

0 

0 
0 
0 
0 


0 

320 

0 

0 

0 

0 

0 

0 

0 

0 

0 

320 

0 

0 

2 

41 

0 

2 

0 

9 

0 

0 

2 

30 

0 

0 

272 

588 

10 

88 

76 

2 

116 

840 

0 

0 

32 

68 

38 

52 

0 

36 

0 

0 

10 

0 
0 
0 
0 
10 
0 


88 

0 
0 
2 
0 
64 
0 


60  200 


0 
58 
2 
0 
0 


154 

36 

10 

0 

0 


8,872  444 


0 

8 

8,000 

0 

728 


184 
6 
18 
0 
220 
136     16 
0       0 


78 

544 

0 

848 

76 

84 

2 

8 

0 

8 

0 

52 

0 

44 

130 

28 

128 

26 

0 

0 

2 

2 

0 

0 

0 

0 

282 

40 

204 

4 

0 

0 

1 

0 

1 

0 

56 

36 

0 

0 

0 

0 

0 

70 

413 

72 

296 

1 

0 

44 
0 


0 
0 
0 
0 
0 

13 

1 

0 

1 

7 
2 
1 
1 


ANIMALS. 
Rhizopoda,  Actinophrys, 


Infusoria.   . 

Ceratlum,  . 
Ciliated  Infusorian, 
Cryptomonas,    . 
Eplstylla,   . 
Monas,       .        . 
Phacus, 

Trachelomonas, 
Vorticella, . 


Vermes, 

Anurea, 
Polyarthra, 
Botatorian  ova, 


Crustacea, 

Boimlna, 
Cyclops, 


Miscellaneous, 

Aearlna, 
Zodgloea, 


Total, 


49 

0 
0 
41 
0 
1 
0 
7 
0 


0 
0 
0 


0 
0 


78 
0 

1 

72 
0 
5 
0 
0 
0 

0 

0 
0 
0 

0 

0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 

0 

0 
0 


238 

0 
0 
286 
0 
2 
0 
0 
0 


0 

0 

16 

1 

0 

0 

0 

0 

0 

0 

16 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

.18 

.0 

.16 

0 

.02 

0 

0 
0 
0 
0 
01 
0 
0 


0 


2 

0 

0 

14 

38 

112 

8 

0 

0 

0 

2 

0 

0 

0 

28 

0 

0 

0 

0 

0 

12 

4 

0 

0 

2 

32 

72 

0 

2 

0 

8 

0 

0 

2 

0 

0 

2 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 
0 
0 
0 

1 

0 

4 
0 

0 

0 

0 
0 

0 

0 
0 


0 

40 

0 

0 

0 

.02 

.08 

20 

40 

80 

0 

0 

0 

0 

0 

0 

.02 

.06 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

20 

40 

80 

0 

398 

210 

57 

5,338 

8,605 

290 

949 

8.962 

772 

586 

794 

100 

0 
100 


531 
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WORCESTER. 


Water  Supply  of  Worcester. 


Leicester  Supply.  —  Chemical  Examination  of  Water  from  Lynde  Brook  Storage 

Reservoir, 


[Parts 

per  100,000.] 

1 

§ 

2 
(S 

Appeabahcb. 

Rbsiddb  on 

EVAPORA- 
TIOK. 

Ammovia. 

• 

a 
"C 
o 

"a 

NiTBOOEN 
AB 

• 

a 

s 

6 

e 

• 

s 

1 

a 

1 

o 

H 

Loss  on 
Ignition. 

• 

Albaminoid.      | 

i 

• 

% 

1 

D 

as 

1 

• 

> 

1 

Q 

Sus- 
pended. 

• 

a 
t 

15921 

18»6. 

Jan.  21 

V.  slight. 

V.  Blight 

.87 

8.40 

1.50 

.0032 

.0180 

.0166 

.0024 

.21 

1 

.0100 

.0000 

.61 

1.1 

16083 

Feb. 18 

Slight. 

Slight. 

.37 

8.10 

1.35 

.0082 

.0142 

.0124 

.0018j;.16 

1 

'.0100 

.0000 

.42 

0.6 

18274 

Mar.  17 

Slight. 

Slight. 

.30 

2.80 

1.35 

.0058 

.0126 

.0104 

.0022 

" 

.0100 

.oooo; 

.89 

0.6 

18460 

Apr.  22 

Slight. 

Slight. 

.25 

2.46 

0.75 

.0010 

.0126 

.0002 

.00341.14 

.0070 

.0000 

.42 

0.8 

16827 

May  19 

green. 
Slight. 

Slight. 

.23 

2.66 

1.26 

.0000 

.0146 

.0114 

.0032 

|.19 

.0080 

.0000 

.27 

0.6 

16809 

JunelO 

Distinct. 

Slight. 

.20 

8.00 

1.06 

.0002 

.0148 

.0118 

.0080 

.11 

.0020 

.00001 

.80 

0.7 

17033 

July  21 

Slight. 

Slight 

.20 

2.66 

1.35 

.0000 

.0162 

.0152 

.0010 

.14 

.0030 

.0000 

.84 

0.6 

17288 

Aug.18 

Slight. 

Slight. 

.17 

2.66 

1.20 

.0000 

.0168 

.0110 

.0018 

.16 

.0020 

.0000 

.37 

0.6 

17469 

Sept.l4 

Slight. 

Cons. 

.20 

2.86 

1.00 

.0004 

.0172 

.0188 

.0034 

.17 

.0020 

.0000 

.84 

0.0 

17683 

Oct.  20 

Slight. 

Slight. 

.38 

8.05 

1.40 

.0102 

.0176 

.0148 

.0028 

1 

.20 

.0030 

.0000 

.41 

0.0 

17886 

Nov.17 

Slight. 

Slight. 

.40 

3.70 

1.76 

.0108 

.0202 

.0178 

.0024 

.26 

1 

.0050 

.0001, 

.41 

1.4 

18132 

Dec.  15  1 

i 

Distinct. 

Slight. 

.38 

3.80 

1.25 

.0068 

.0164  .0134 

.0020  .25 

i 

.0030 

.0001  .44 

1 

0.9 

Averages  by  Years, 


- 

1887* 

- 

- 

.80 

8.16 

0.96 

.0067 

.0194 

- 

- 

.16 

1 
.0043 

- 

- 

. 

- 

1888 

- 

- 

.24 

2.04 

0.86 

.0037 

.0161 

- 

- 

.14 

.0066 

.0001 

- 

- 

- 

1889 

- 

- 

.24 

2.64 

0.60 

.0080 

.0167 

.0188 

.0029 

.15 

.0068 

.0001 

- 

- 

1890 

- 

- 

.21 

8.07 

1.15 

.0026 

.0132 

.0107 

.0025 

.14 

.0078 

.0001 

- 

0.0 

- 

1891 

- 

- 

.24 

2.83 

1.08 

.0046 

.0126 

.0101 

.0025 

.12 

.0074 

.0001 

- 

0.7 

- 

1892 

- 

- 

.25 

2.99 

1.16 

.0038 

.0139 

.0118 

.0026 

.15 

( 

.0106 

.0000 

- 

0.8 

- 

1893 

- 

- 

.26 

2.06 

0.98 

.0036 

.0162 

.0122 

.0039 

.15 

.0066 

.0001 

.36 

0.6 

- 

1894 

- 

- 

.86 

3.37 

1.09 

.0056 

.0189 

.0117  .0022 

.18 

.0103 

.0000 

.86 

1.2 

- 

1895 

- 

- 

.82 

8.83 

i.ao 

.0033.0161  .OI38L0023' .20 

1          1 

.0116 

.0000' 

.46 

1.2 

- 

1896 

- 

- 

.29 

1 

2.96 

1.27 

.0035  .0168  .0133 

.0025 

.18 

.0054.0000 

1 

.38 

I 

0.8 

*  June  to  Deoember. 


Non  to  analyses  of  1896:  Odor,  generally  distinctly  vegetable.    On  heating,  the  odor  beeame 

stronger  and  also  grasny  or  mouldy. The  samples  were  collected  from  the  reservoir  near  the  gate- 

house,  about  1  foot  beneath  the  surface. 

For  record  of  heights  of  water  in  this  reservoir,  see  page  384. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


377 


WORCESTER. 

Leicester  Supply. — Microscopical  ExamincUion  of  Water  from  Lynde  Brook 

Storage  Reservoir, 

[Number  of  orgaalBms  per  oublo  centimeter.] 


1806. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nov 


Dec. 


Day  of  examination, 
Number  of  aample, . 


22 
15921 


19 


1006316274 


19 


23 
16459 


21 


18 


16627, 16809 


22 
17033 


20 


16 


1723817459 


22 


19 


17683:17886 


17 
18132 


PLANTS. 

DiatomacesB,    . 


Aaterlonelia,      • 
Cvclotella, . 
Meloeira,    . 
Btephanodiacns, 
Bynedra,     . 
tabellarla,. 


Oyanophyceee, . 

Anabnna,  .       .  . 

Chro5cocoue,     .  • 

Merlamopedia,  .  • 

Microcyetla,       .  . 


AlffeD, 


Ooamarinm, 
Protococeue, 
Raphidinm, 
Btaarogenla, 


44 

40 
0 
0 
0 
2 
2 


0 
0 
0 
0 
0 
0 


22 

17 
0 
0 
0 
2 
8 


0 
0 
0 
0 


0 
2 
2 
0 


0 
0 
0 
0 


0 
0 
0 
0 


0 
0 
0 
0 


0 
0 
0 
0 


20 
0 
0 
0 
8 

10 


0 
0 
0 
0 


0 
2 
0 
0 


11 

2 
0 
0 

4 
3 
2 


6 

5 
0 
0 
0 


124 

0 

120 

4 

0 


166 

31 

112 

0 

0 

20 
8 


60 

59 
0 
0 
1 


227 

8 

148 

0 

76 


0 
0 
0 
0 
0 
0 


24 

0 

24 

0 

0 


1 
0 
4 
0 


0 
0 
0 
0 
0 
0 


148 

5 

124 

0 

20 


0 
0 
0 
0 


0 
2 
0 
0 
1 
0 


272 

20 

244 

6 

2 


10 

6 
0 
4 

0 


62 

38 
0 

22 
2 
0 
0 


94 

0 
18 

0 
76 


20 

0 

6 

2 

12 


394 

224 

22 

128 

0 

2 

18 


0 
0 
0 
0 


0 

0 

8 

28 


30 

20 
6 
0 
0 
0 
4 


0 
0 
0 
0 


0 
0 
0 
0 


ANIMALS. 

Inftisorla*    . 


DInobryon, 
Dlnobryon  eaaea, 
Peridlnium,       . 
Tintlonldiaro,   . 
Trachelomonaa, 


Vermes,  Polyarthra, 


6 
0 
0 
0 

1 


58 

58 
0 
0 
0 
0 


22 

12 

8 
2 
0 
0 


42 

36 
0 

4 
0 
2 


116 

116 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
2 


6 

0 
0 
4 
2 
0 


MiteeUaneouit .  .       f 

Aoarina,     .  • 

Zo5g1oBa,    .  . 

Total, 


0 

20 

5 

20 

0 

0 

.02 

20 

20 

35 

50 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

20 

5 

20 

0 

0 

0 

20 

20 

35 

50 

55 


78 


49 


102 


256 


453 


29     170 


306 


211 


482 


30 

0 
30 


66 
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WORCESTER. 

Leicester  Supply.  —  Chemical  Examination  of  Water  from  Kent  Reservoir  on 

Kettle  Brook  in  Leicester, 


[Pane 

per  100,000.] 

• 

Appkabancb. 

Rk.hiduk  cm 

EVAPOBA- 

Ammonia. 

NlTBOOBM 
AS 

• 

i 

Tiosr. 

1 

• 

t   « 
o 

o 

S 

s 

a 

H 

nrbidltj. 

e 

1 

1 

• 

3 

o 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

s 

«4 

• 

1 

1 

a 

a 

1 

1 

J! 

•o 

-1 

s  c 

i 

2 

a 

H 

* 

o 

H 

U* 

H 

Q 

oc 

55 

se; 

o 

S3 

1896. 

1 

1 

18134 

Dec.  15 

Distinct, 

Cons., 

.28 

8.20 

1.15 

.0018 

.0154 

.0134 

.0020 

.22 

.OluO  .0000' 

.43 

1.5 

clayey. 

earthy. 

! 

[ 

Odor,  faintly  vegetable. The  sample  was  collected  from  the  reservoir  at  the  gate-house,  1  foot 

beneath  the  sniface. 

Microscopical  Examinaiion, 

The  total  number  of  organisms  per  cubic  centimeter  found  In  this  sample  was  108. 


Leicester  Supply. —  Chemical  Examination  oj  Water  from  Mann  Reservoir 

Kettle  Brooke  Leicester. 

[Parts  per  100,000.] 


on 


• 

s 

1 

m 
Q 

Appbabamob. 

Rksidub  on 
Evapora- 
tion. 

Ammonia. 

i 
1 

.14 

NITROOKN 
AS 

1 

0 
m 

1 

a 

& 

K 

M 

o 

i 

a 
« 

• 

6 

H 

Loss  on 
Ignition. 

1 

Albuminoid. 

i 

• 

9, 

i 

9 

I 

Dissolved. 

Sus- 
pended. 

1 

15023 

18»6. 

Jan.  21 

V.  slight. 

V.  slight. 

.70 

3.80 

1.70 

.0152 

.0214 

.0182 

1 
.0032 

.0180 

.0001 

.71 

l.O 

16082 

Feb. 18 

Slight. 

Slight. 

.40 

3.45 

1.65 

.0082 

.0144 

.0120 

.0024  1. 10 

.0170 

.0000 

.50 

0.0 

16273 

Afar.  17 

Slight. 

Slight. 

.40 

3.15 

1.35 

.0082 

.0132 

.0108 

.0024 

.1,1 

1.0050 

1 

.0001 

.50 

1.1 

16458 

Apr.2I 

Slight. 

Slight. 

.30 

2.30 

0.95 

.0014 

.0126 

.0112 

.0014 

.10 

.0230 

.0000 

.46 

0.8 

16626 

&Cayl9 

green. 
Distinct. 

Slight. 

.33 

2.45 

1.00 

.0004 

.0176 

.0130 

1 
.0046 

1 

.15 

.0070 

.0000 

.84 

0.5 

16810 
17034 

June 16 
July  21 

Distinct. 
'  Distinct. 

1 

Cons., 

yellow. 
Cons. 

.30 
.30 

8.00 
2.05 

1.06 
1.55 

.0024 
.0018 

.0216 
.0314 

.0182 
.0200 

.0034 
.0114 

.08 
.12 

.0021^ 

1.0030 

1 

.0000 
.0000 

.88 

.41 

0.6 
0.8 

17239 

Aug.l8 

Distinct. 

Cons., 

.30 

8.55 

1.55 

.0008,.0240 

.0204 

.0036, 

.13 

.0000 

.0000 

.50 

1.1 

17460 

Sept.14 

1  Distinct. 

green. 
Cons., 

.25 

8.10 

1.80 

.0028 

.0266 

.0192 

.0074 

.16 

.0030 

.0000 

.55 

0.9 

17684 

Oct.  20 

.  Slight. 

green. 
Slight. 

.30 

3.40 

1.65 

.0038 

.0210 

.0168.0042  .21 

.0080 

.0000 

1 

.55 

1.1 

17887 

Nov.17 

Distinct. 

Slight. 

.35 
.36 
,50 

3.45 

1.70 

.0000 
.0041 
.0054 

.0196 
.0203 
.0234 

.0168  .0028 

1 

.21 

,.0060 
.0078 
.0087 

.0001 
.0000 
.0000 

.59 
.50 
.60 

0.0 

Av.... 

1806 

8.15 
3.56 

1.30 

r 

.0161  .0042..  14 
.0187' -0017  -IS 

0.0 

A^  •  •  •  • 

1895 

1 

1.67 

1.0 

^ 

1 

NoTB  to  analyses  of  1806:  Odor,  generally  distinctly  vegetable,  becoming  somewhat  stronger  and 
also  sweet  grassy  on  heating. -^  The  samples  were  ooUected  from  the  reservoir  near  the  dam,  1  foot 
beneath  the  surface. 
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WORCESTER. 

Leicester  Supply.  —  Microscopical  Examination  of  Water  from  Mann  Reservoir 

on  Kettle  Brook,  Leicester. 

[Number  of  organlf  me  per  cable  centimeter.] 


Day  of  examlDatloQ, 
Number  of  sample, 


18»6. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


22 


19 


19 


15923 16082  16273 


23 
16458 


21 
16626 


Jane. 


Jaly. 


Aug.  J  Sept. 


Oct 


Nor. 


18 
16810 


22 
17034 


20 
17289 


16 
17460 


22 


19 


1768417887 


PLANTS. 

DiatomacesB,    . 

Atterlonella, 
Cydotella, 
Cymbella,  .        .       • 
Meloeira,    . 
Meridlon,  .       • 
Navicula,   . 
Burlrella,   . 
Bvnedra,    . 
Tabellaria, 

Cyanophyceee, 

Anahnna,  . 
Chio&coccast     . 

AlffeD 

Protooooeas, 
Rapbtdlam, 
Bceoedeamue,    . 
Staurastrnm,     .       . 
Btaarogenia, 

ANIMALS. 

Infusoria,   . 

Cryptomonaa,  . 
IMoobryon, 

Mallomonaa,  . 

Mooaa,  . 
Peridlniam, 

Tlntlnnidlum,  . 
Tracbelomooaa, 

Uroglena,  .  • 

Vermes, 

Anarea, 
Aaplancbna, 
Polyarthra, 
Rotifer,      . 

Crustacea, . 

Cyciope,     . 
Eniomoetracan  ova, . 

Miicelianeouit . 
Acartna,     . 

Total, 


4 

0 

16 

126 

112 

17S 

231 

884 

480 

324 

4 

0 

2 

23 

0 

0 

2 

0 

0 

228 

0 

0 

8 

0 

2 

6 

0 

84 

2 

0 

0 

0 

0 

0 

2 

0 

0 

4 

0 

0 

0 

0 

8 

0 

56 

160 

224 

500 

50 

64 

0 

0 

1 

0 

2 

1 

0 

2 

0 

0 

0 

0 

1 

0 

6 

3 

1 

20 

0 

8 

0 

0 

0 

0 

0 

0 

2 

4 

0 

0 

0 

0 

2 

3 

24 

1 

0 

280 

428 

20 

0 

0 

4 

100 

20 

6 

2 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

38 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

88 

22 

35 

58 

24 

0 

0 

0 

0 

0 

6 

20 

11 

40 

0 

0 

0 

0 

0 

0 

12 

2 

0 

6 

18 

0 

0 

0 

0 

0 

8 

0 

20 

6 

6 

0 

0 

0 

0 

0 

2 

0 

4 

6 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

28 

0 
28 
0 
0 
0 
0 
0 
0 


0 

0 
0 
0 
0 


0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 


0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 


0 
0 


5 

0 
2 

1 

0 
0 
2 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 


2 

0 
0 
0 
0 
2 
0 
0 
0 

0 

0 
0 
0 
0 


0 
0 


0 
0 
0 

1 

0 
0 
0 
0 

0 

0 
0 
0 
0 

.02 
.02 


433 

0 

404 
0 
0 
20 
7 
2 
0 

8 

2 
0 
5 
1 

.02 

0 
.02 


62 

0 
84 
2 
0 
20 
0 
6 
0 


0 
0 
0 
2 

0 

0 
0 


270 

0 
268 
2 
0 
0 
0 
0 
0 


0 

0 
0 
0 
0 

0 

0 
0 


112 

0 
112 
0 
0 
0 
0 
0 
0 


0 
4 

0 
0 


0 

0 
0 


.0 
0 


0 
5 


6 

0 
6 


40 

0 

40 


0 
0 


60 

0 
60 


.10 

.10 
0 


60 

.04 
60 


40 

0 
40 


40 

0 
40 


32 


21 


171 


150 


258 


707 


1,066 


852 


208 

150 
6 
0 
43 
0 
2 
2 
2 
4 

0 

0 
0 


0 
0 
0 
0 
0 


84 

2 
22 
0 
6 
2 
0 
0 
2 

0 

0 
0 
0 
0 

.08 

.08 


20 

.04 
20 


480 


263 
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WORCESTER. 

Leicester  Supply. 


ChemiccU  Examination  of  Water  from  Boitomly  Pond  on 
Kettle  Brook,  Pazton. 

[Parts  p«r  100,000.] 


a 

s 


I 

Q 


15924 
16061 
16272 
16456 
16620 
16811 
17085 
17240 
17461 
17686 
17888 
18188 


^^v. * « • 


^•V . .  • . 


18»6. 

Jan. 21 

Feb.  18 
Mar.  17 
Apr.21 
May  19 
jQDel6 
July  21 
Aag.18 
Sept.l4 
Oct.  20 
Nov.  17 
Dee.  15 


1896 


1805 


Appbabascb. 


•3 

% 


V.  alight. 

V.  Blight. 

Slight. 

Slight. 

DittlDot. 

Dittinot. 

Blight. 

Slight. 

Dlstinet. 

Slight. 

DittiDCt. 

Diitinct. 


s 


p 

o 


Slight. 

V.aUght. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Cods., 

yellow. 
Slight. 

Slight. 

Slight. 


.00 
.66 
.88 
.80 
.35 
.22 
.25 
.27 
.22 
.80 
.83 
.83 


.37 


.46 


Rbsidub  o» 

EVAPOBA- 
TIOK. 


8.90 
8.60 
2.05 
2.20 
2.40 
2.60 
2.66 
2.80 
2.80 
8.20 
3.45 
3.15 


2.89 


8.51 


!s 


i 


1.95 
1.75 
1.25 
0.75 
1.35 
1.10 
1.40 
1.65 
1.25 
1.60 
1.85 
1.85 


1.43 


1.84 


Ammovia. 


Albaminoid. 


I 


i 

00 


s 


.0204 
.0188 
.0092 
.0034 
.0000 
.0014 
.0000 
.0008 


.0264 
.0164 
.0152 
.0158 
.0162 
.0244 
.0182 
.0228 


.0000.0202 


.0002 
.0008 


.0206 
.0288 


.0006  .0194 


.0280 
.0156 
.0186 
.0120 
.0184 
.0190 
.0150 
.0196 
.0180 
.0178 
.0218 
.0134 


.0042.0199.0168 


.0056.0259.0223 


.0034 
.0008 
.0016 
.0088 
.0028 
.0054 
.0032 
.0032 
.0022 
.0028 
.0020 
.0060 


.0031 


s 


.0036 


.14 
.13 
.11 
.11 
.16 
.14 
.10 
.14 
.15 
.17 
.20 
.18 


.14 


.17 


NiTBOOBN 
AS 


i 


i 

5 


.0140 
.0180 
.0150 
.0150 
.0070 
.0000 
.0000 
.0000 
.0020 
.0030 
.0030 
.0070 


•s 

a 

9 

0 
& 

o 


.0001 

I 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 


.78 
.59 
.47 
.44 
.89 
.88 
.89 
.50 
.44 
.62 
.54 
.53 


.0070.0000 


.0057 


.0001 


.50 


.64 


3 


1.8 
0.9 
0.6 
0.5 
0.5 
0.6 
0.3 
0.6 
0.6 
0.7 
0.9 
l.O 

0.7 


1.0 


NoTC  to  analyses  of  1896 :  Odor,  vegetable.  —  The  samplea  were  oollected  from  the  reservoir  near 
the  dam,  1  foot  beneath  the  surface. 
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L£iC£ST£R  Supply. — 


WORCESTER, 

Microscopical  Examination  of  Water  from  Bottomly  Pond 
on  Kettle  Brook,  Faxton, 

[Namber  of  organitms  per  onblo  centimeter.] 


18»6. 


JaD. 


Feb. 


Mar. 


Apr. 


May 


Jane. 


Jaly. 


Aug. 


Day  of  examination, 
Namber  of  eample, 


22 
15924 


19 
16081 


Sept 


Oct. 


Not. 


Dec 


18 

16272 


28 
16456 


21 

16629 


18 
16811 


22 
17035 


19 
17240 


16 
17461 


22 
17685 


19 


17 


1788818138 


PLANTS. 

Diatomacees,    . 


Aaterionelia, 
Cyclotella, . 
Navicala,   . 
Bynedra,     . 
Tabellarla, 


OyanophyceeBt  Anabasna, 


Alg»i 


Protococcae, 

Raphidium, 

Zudaporea, 


0 

0 

8 

6 

28 

88 

0 

0 

7 
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18 

16 

0 

0 

1 

0 

0 

19 

0 

0 
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0 

0 

0 

0 
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0 

2 

1 

2 

0 

0 

0 

4 

4 

1 

0 

0 

0 

0 

45 

0 

0 

0 

9 

2 

192 

8 

0 

0 

0 

2 

184 

0 

0 

0 

0 

0 

8 

0 

0 

0 

9 

0 

0 

3 

81 

41 

80 

0 

0 

40 

0 

1 

0 

0 

1 

0 

256 
12 

2 
116 

0 


218 

216 
0 
0 


80 

28 
2 
0 


24 

0 

24 

0 


ANIMALS. 

Infusoria,   . 


Ciliated  infoBorimn,  . 
Cryptomonaa,    . 
Dioobryon,        .       . 
Mallomonaa,      .       • 
Peridinium,       • 
Bvnura, 

Trachelomonaa, 
Vorticella, . 


Vermes, 


Anurea,      . 

Aeplaochna, 

Polyarthra, 


Orustacea,  Cyclops, . 


MiiceUaneous,  Zodgloea, 


20 


60 


10 


20 


500 


24 

94 

18 

76 

0 

8 

0 

4 

6 

2 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27 

2 

86 

488 

6 

0 

65 

10 

t 

2 

62 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

85 

428 

0 

0 

35 

1 

2 

2 

66 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

27 

2 

0 

4 

1 

0 

20 

7 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

2 

0 

0 

2 

0 

0 

t 

t 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.06 

12 

8 
2 
0 
2 
0 


2 
0 
0 


16 

0 
2 
12 
0 
2 
0 
0 

a 


2 
0 
0 


88 


Total, 


29 


53 


468 


266 


101 


805 


03 


482 


528 


218 


67 
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TVOBCESTBR. 

HoLDEN  Supply. 


Chemical  Examination  of  Water  from  Tatnuck  Brook  Storage 

Reservoir, 

[Parti  per  100,000.] 


a 
S, 

I 

o 

I 

Appsarakcb. 

KaSIDDK  ON 

Evapora- 
tion. 

Ammonia. 

1 

o 

.16 

Nitrogen 

AS 

• 

%t 

B 

a 

m 

§ 

c 

1 

M 

o 

1 

1 

a1 

i 

i 

• 

1 

• 

§ 

§1 

• 

Albnminoid. 

• 

■1 

1 

1 

1 

I 

1 
1 

• 

CO 

•s 
S 

« 

15922 

1896. 

Jao.  21 

V.  slight. 

V.  alight. 

.26 

2.45 

1.10 

.0000 

.0112 

.0098 

.0014 

1 

.0070 

.0000 

.39 

0.8 

16084 

Feb.  18 

Slight. 

Slight. 

.25 

2.80 

1.05 

.0000 

.0104 

.0096*.  0008 

.11 

.0080 

.0000 

.32 

0.6 

16271 

Mar.  17 

V.  Blight. 

V.  slight. 

.20 

1.45 

0.85 

.0012 

.0094 

.00741.0020 

.14 

.0070 

.0000 

.83 

0.3 

16460 
16628 

Apr.22 
May  19 

Slight, 

green. 
Slight. 

Slight. 
Slight. 

.17 
.18 

1.85 
1.70 

0.00 
0.75 

.0002 
.0006 

.0122 
.0120 

.0076  .0046 
.0100  .0020 

.10 
.16 

.0050 
.0030 

.0000 
.0000 

.24 
.19 

0.5 
0.3 

16808 

Jane 16 

Distinct. 

Slight. 

.18 

2.16 

0.05 

.0008 

.0122 

.0100 

.0022 

.11 

.0000 

.0000 

.22 

0.2 

17032 

Jaly  21 

Slight. 

Slight. 

.12 

1.80 

0.70 

.0000 

.0148 

.0118  .0030 

.14 

.0000 

.0000 

.20 

0.6 

17237 

Aug.l8 

Distinct. 

Slight. 

.10 

2.00 

0.90 

.0000 

.0150 

.0108  .0042 

.16 

.0030 

.0000 

.27 

0.5 

17458 

Sept.l4 

DUtinct. 

Oons. 

.20 

1.85 

0.45 

.0014 

.0192 

.0156|.0036 

.17 

.0000 

.0000 

.21 

0.8 

17682 

Oct.  20 

Slight. 

Slight. 

.12 

1.75 

0.75 

.0010 

.0190 

.0108  .0082 

.16 

.0030 

.0001 

.25 

0.3 

17885 

Nov.17 

Distinct. 

Slight 

.12 

2.45 

1.20 

.0034 

.0212 

.0166*. 0046 

.20 

.0020 

.0001 

.32 

0.3 

18131 

Dec.  15 

Slight. 

Slight. 

.15 

2.25 

1.05 

.0008 

.0142 

.0110  .0032 

.21 

.0030 

.0000 

.20 

0.5 

Averages  by  Years, 


1887* 

- 

- 

.29 

2.62 

1 
1.01  1 

.0007  .0197 

- 

- 

.14 

1 

.0016 

- 

- 

. 

- 

1888 

- 

- 

.17 

2.23 

0.75  ' 

.0012.0157 

- 

- 

I.B 

.0043 

.0001 

- 

- 

- 

1889 

- 

- 

.19 

2.04 

0.57 

.0003  .0143  .0112 

.0031 

.12 

.0031 

.oooil 

- 

- 

- 

1890 

- 

- 

.17 

2.68 

1.24  ' 

.0007'. 0141 .0102 

.0039 

1.18 

.0078 

.0001, 

- 

0.9 

- 

1891 

- 

- 

.17 

2.80 

0.94 

.0024  .0143 

.0102 

.0041 

l.u 

1 

.0077 

.0001 

- 

0.4 

- 

1892 

- 

• 

.20 

2.52 

1.03 

.0012.0142.0113 

1 

.0029 

i.l2 

.0067 

.0000 

1 

- 

0.6 

- 

1893 

- 

- 

.35 

2.45 

0.93 

.0020.0182.0140 

.0042 

.14 

.0049 

.0000 

.S6 

0.6 

- 

1894 

- 

- 

.20 

2.27 

0.86  , 

1 

.0010  .0151  .0114 

.0037 

1.16 

1 

.0032 

.oooo| 

.80 

0.4 

- 

1895 

• 

- 

.21 

2.33 

0.98 

.0012  .0173 

.0130 

.0043  .18 

|.0068 

.0000 

.36 

0.6 

- 

1896 

- 

- 

.17 

2.00 

0.84  1 

.0008  .0142  .0109 

1          1 

.0033  .15 

.0034 

.0000 

1 

.27 

0.4 

*  Jane  to  December. 


KoTS  to  analyses  of  1896:  Odor,  generally  faintly  vegetable,  frequently  stronger  on  heating.- 
The  samples  were  collected  Arom  the  reservoir  at  the  gate  house,  1  foot  beneath  the  surface. 
For  record  of  heights  of  water  In  this  reservoir,  see  page  384. 
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WORCESTER. 

HoLDEN  Supply.  —  Microscopical  Examination  of  Water  from  Tatnuck  Brook 

Storage  Reservoir, 

[Nnmbef  of  organisms  per  oublo  oentlmeter.] 


1896. 

Jan. 

Feb. 

Mar. 

Apr. 

Blay. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Not. 

Dec. 

Day  of  examlDation, 
Number  of  sample,   .   . 

22 
16922 

19 
16084 

18 
16271 

28 

16460 

21 
16628 

18 
16808 

22   20 
17032  17287 

16 
17468 

22   19 
17682  17886 

17 
18131 

PLANTS. 
Dlstomaceao,  . 


Asterionella, 
Cyclotella, 
Diatoma,  . 
Fragilaria, 
Melosira,  . 
Hynedra,  . 
Tabellaria, 


CysnophyceeB,  Anabssna, 


AlfiTSB, 


,  Cbloroooccus,  . 
Desmldlum, 
Bcenedeerons,  . 
Btanrastrum,    . 


14 

49 

57 

m 

811 

868 

928 

72 

290 

685 

11 

28 

2 

18 

9 

48 

63 

0 

11 

188 

0 

0 

0 

0 

0 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27 

66 

216 

40 

0 

0 

226 

224 

3 

3 

4 

2 

2 

48 

0 

2 

8 

1 

0 

18 

16 

48 

84 

282 

860 

70 

22 

•272 

0 

0 

0 

0 

0 

0 

1 

4 

0 

0 

0 

0 

0 

0 

0 

4 

0 

6 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

6 

1 

0 

456 

2 
0 
0 
0 

892  ! 

2 

60 


26 

0 

20 

6 

0 


78 

6 
0 
6 
0 

42 
2 

22 


88 

16 
18 

4 
0 


ANIMALS. 

Bhlzopoda.      .      .      .      . 

Aetlnophrys,    .       .       .       . 

Arcella, 

DlfQugU 

Infusoria. 

Dloobryon,  .  .  .  . 

Codonella,  .... 

Euglena,  .  .  •  .  • 

Malloroonaa,  .  .  •  • 

Peridlninm,  .  .  .  . 

Bynura,     .  .  .  .  . 
Tracbelomonas, 

Vorticella,  .  .  .  • 

Vermes, 

Annrea,    .       .       •       •       • 
Asplanchna,     .       •       •       • 

CroBtaces.  Cyclops, 


0 

5 

0 

0 

2 

2 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

1 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

88 

2 

5 

40 

5 

6 

8 

20 

17 

2 

2 

0 

0 

0 

0 

0 

0 

3 

0 

0 

1 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

2 

1 

2 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

6 

0 

0 

0 

84 

0 

8 

82 

8 

0 

0 

10 

10 

0 

0 

1 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

2 

1 

0 

4 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

2 

2 

0 

0 

0 

1 

1 

8 

0 

0 

0 

2 

2 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 
0 
0 


12 

8 
0 
0 
0 
2 
0 
2 
0 


0 
0 


MUcsUaneout,       .       .       . 

Acarloa,   •       •       .       • 
Zodglosa,  .... 

Total,     .... 


0 

0 

20 

40 

10 

40 

.02 

20 

80 

40 

20 

0 

0 

0 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

20 

40 

10 

40 

0 

20 

80 

40 

20 

62 

66 

82 

206 

830 

420 

927 

122 

891 

780 

607 

20 

0 
20 


160 
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WORCESTER. 

Becard  of  Height  of  Water  in  Leicester  and  Holden  Storage  Beservoirs  on  the  First 

of  Each  Month  in  1896, 

NoTX. — Leicester  Reservoir,  height  of  rollway,  87.40  feet ;  *Holdeii  Resenrolr,  height  of  rollway, 
80. 10  feet. 


Date. 

Hbiout  op  Watbb. 

Datb. 

Hbight  of  Watbb. 

Leicester. 

Holden. 

Leicester. 

Holden. 

1896. 

Jan.   1, . 

Feet. 
37.65 

Feet. 
80.50 

1896. 

Jaly  1, . 

Feet. 
88.00 

Feet. 
28.40 

Feb.  1 

86.70 

80.10 

Ang.  1 

80.10 

26.65 

Mar.  1, .       .       .       . 

80.10 

82.00 

Sept.  1 

25.70 

24.00 

April!,. 

87.70 

80.40 

Oct.   1, .       .       . 

23.50 

23.53 

May   1 

37.02 

80.50 

Nov.  1, . 

23.76 

25.00 

June  1, . 

35.05 

20.70 

Dec.  1, . 

24.10 

27.55 

Water  Supply  op  Wrentham. 

The  advice  of  the  State  Board  of  Health  to  Lincoln,  Bacon  &  Co. 
with  reference  to  the  protection  of  the  purity  of  Bacon's  Pond  in  the 
village  of  Plainville  in  that  town,  from  which  water  is  drawn  for  the 
supply  of  several  families  in  the  village,  may  be  found  on  page  77 
of  this  volume.  Samples  of  water  collected  from  the  pond  and  from 
a  spring  from  which  a  portion  of  the  water  supply  is  taken  are  given 
in  the  following  tables  :  — 


Chemical  Examination  of  Water  from  Spring  in  Wrentham. 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appbaranob. 

Residae  on 

Evaporation. 

AMMoariA. 

Chlorine. 

KiTBOOKM 
AS 

• 

a 

J 
s 

5 

.18 

0.5 

Komber. 

Tarbldity. 

1 

00 

1 

J 

Alba- 
mlnoid. 

Nitrates. 

Nitrites. 

1 

16161 

1896. 

Feb.  28 

1 

None. 

1 

V.  slight. 

.10 

2.40 

.0000 

.0080 

.88 

1 
.0030 

i 
.0000 

.0020 

Odor,  none. The  sample  was  coUeoted  from  a  aprlng  from  which  a  part  of  the  aapply  for  the 

TiUage  is  drawn. 


Microscopical  Examination, 


Ko  organUmi. 
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TVRENTHAM. 

Chemical  ExamincUion  of  Water  Jrom  Bacoti's  Fond^  Wrentham, 

[Parts  per  100,000.] 


• 

i 

m 
O 

Appbasabub. 

Rksidcb  oh 
Evapora- 
tion. 

Ammonia. 

J 

.25 
.31 

NiTBOGBN 
A0 

Oxygen  Gonsumcd.    1 

1 

1 

• 

i 
1 

a 

• 

-a 

Locson 
Ignition. 

i 

Albamlnold. 

• 

1 

s 

• 

Si 

1 

3 

H 

• 

1 

Sus- 
pended. 

i 

o 
•3 

16110 
16162 

18M. 

Feb.  21 

Feb.  28 

Distinct. 
Blight. 

Blight. 
Blight. 

.20 
.10 

8.10 
2.85 

0.75 
0.65 

.0012 
.0000 

.0068 
.0002 

.0054 
.p070 

.0014 
.0022 

.0080 

.0180 

1 

.0000 
.0000 

I 
1 
1 

,.13 

i.l3 

1 

0.5 
0.8 

Odor  of  the  first  sample,  faintly  vegetable,  becoming  distinctly  vegetable  and  mouldy  on  heating;  of 

the  last,  distinctly  vegetable  and  mouldy. The  first  sample  was  collected  from  a  tap  on  the  pump 

while  pumping  from  the  pond;  the  other,  from  the  pond  opposite  the  icehouse,  near  shore. 


Microscopical  Examination, 

An  insignificant  number  of  organisms  was  found  in  these  samples. 


EXAMINATION  OF  RIVERS. 


[887] 


EXAMINATION  OF  RIVEES. 


During  the  year  1896  regular  monthly  examinations  were  made 
of  the  waters  of  the  Blackstone,  Hoosac,  Housatonic,  Merrimack, 
Nashua,  Neponset,  Saugus  and  Ware  rivers,  and  occasional  ex- 
amination of  other  rivers  in  the  State.  Nearly  all  of  the  results 
of  these  examinations  will  be  found  arranged  alphabetically  by 
rivers  in  the  pages  which  follow,  but  some  of  them  are  given  on 
preceding  pages,  in  connection  with  the  examinations  of  water  sup- 
plies, under  the  names  of  the  towns  where  the  samples  were  col- 
lected, as  follows :  — 

Paok 

Merrimack  at  Lawrence, 190 

M<Trimack  at  [-owell, 204 

Neponset  at  Hjde  Park, 182 

Saugus  at  Saugus, 216 

Blackstone  Biver. 

The  regular  monthly  examinations  of  the  waters  of  the  Blackstone 
Biver  have  been  continued  as  in  previous  years,  and  the  results  are 
given  in  the  tables  which  follow. 

During  the  year  ending  Nov.  30,  1896,  an  average  of  16,000,000 
gallons  per  day  of  mingled  sewage  and  brook  water  taken  from  the 
Mill  Brook  Channel  were  treated  at  the  Worcester  Precipitation 
Works,  and  about  3,500  tons  of  quicklime  were  used,  making  the 
amount  of  lime  used  per  million  gallons  of  sewage  treated,  1,212 
pounds.  The  effluent  from  the  precipitation  works  and  excess  of 
flow  of  Mill  Brook  over  the  amount  treated  was  discharged  into  the 
Blackstone  River. 

The  first  of  the  following  tables  is  taken  from  the  report  of  the 
superintendent  of  sewers  of  the  city  of  Worcester  for  the  year  end- 
ing Nov.  30,  1896,  and  contains  the  monthly  averages  of  analyses  of 
samples  of  sewage  and  effluent  collected  at  the  Worcester  Precipi- 
tation Works,  and  the  percentage  of  matters  removed  from  the 
sewage  by  treatment  at  these  works. 
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BLACKSTOXi:  RIVER. 

Worcester  Sewage  Purification  Works. 

Abstract  of  Analyses  of  Sewage  and  Effluent. 

[Taken  from  the  annnal  report  of  the  superintendent  of  sewers  of  the  city  of  Worcester  for  the 

year  ending  Nov.  30, 1896.] 

[ParM  per  100,000.] 


Ammovia. 

OXTOBN 
COMSCMKD. 

1 

ALBCMINOID. 

DATE  or  COLLECTION. 

1 

1 

1 

s 

• 

1 

o 

a 

CO 

1 

D 

Filtered. 

• 

9 

a 

.2 
S 

Sewage,  December,  1895,     .... 

.598 

.328 

.160 

.168 

8.45 

1 
1.81 

8.47 

Effluent,  December,  1895,    .... 

.545 

.183 

.163 

.020 

1.50 

1.50 

8.49 

Parts  removed, 

.048 

.145 

—  .003 

.148 

1.95 

0.31  1 

—0.02 

Per  cent,  removed,        .... 

8.09 

44.21 

—1.88 

88.10 

56.52 

17.13  ' 

—0.58 

Sewage,  January,  1896,       .... 

.756 

.306 

.148 

.158 

8.62 

2.05  { 

3.84 

Effluent,  January,  1896,       .... 

.706 

.158 

.148 

.010 

1.67 

1.67  1 

4.03 

Parti  removed, 

.050 

.148 

.000 

.148 

1.95 

0.38  ' 

J 

—0.19 

Per  cent,  removed,        .... 

6.62 

48.37 

00.00 

93.67 

58.87 

18.54  ! 

—4.95 

Sewage,  February,  1896,     .... 

.676 

.800 

.146 

.154 

8.15 

2.02 

8.69 

Effluent,  February,  1896,     .... 

.648 

.158 

.143 

.015 

1.66 

1.66 

3.62 

Part*  removed, 

.028 

.142 

.003 

.139 

1.49 

0.36 

0.07 

Per  cent,  removed 

4.14 

47.83 

2.06 

90.00 

47.30 

17.82 

1.90 

Sewage,  March,  1896, 

.470 

.233 

.113 

.120 

2.65 

1.66 ; 

2.85 

Effluent,  March,  1R96, 

.434 

.119 

.102 

.017 

1.29 

1.20 

2.77 

Parts  removed, 

.036 

.114 

.011 

.103 

1.36 

0.27 

0.08 

Per  cent,  removed,        .... 

7.66 

48.93 

9.73 

85.82 

61.38 

17.31 

2.81 

Sewage,  April,  1896, 

1.000 

.409 

.216 

.193 

8.49 

2.05 

4.53 

Effluent,  April,  1896 

.896 

.195 

.182 

.013 

1.81 

1.81 

4.A2 

Parts  removed 

.104 

.214 

.034 

.180 

1.68 

0.24  1 

O.Ol 

Per  cent,  removed,        .... 

10.40 

62.32 

15.74 

93.28 

48.14 

11.70  1 

0.22 

Sewage,  May,  1896, 

1.604 

.592 

.293 

.299 

5.75 

3.10  t 

6.88 

Effluent,  May,  1896 

1.480 

.252 

.233 

.019 

2.82 

2.82  1 

6.89 

Parts  removed, 

.124 

.340 

.060 

.280 

2.98 

0.28  1 

1 

-0.01 

Per  cent,  removed,        .... 

7.78 

67.48 

20.14 

98.65 

50.96 

9.03  ! 

—0.15 

Sewage,  June,  1896, 

1.468 

.632 

.830 

.802 

6.04 

3.15 

6.61 

Effluent,  June,  1896 

1.407 

.279 

.251 

.028 

2.62 

2.62 

6.61 

Parts  removed 

.061 

.868 

.079 

.274 

2.42 

0.53 

0.00 

Per  cent,  removed,        .... 

4.15 

55.85 

28.94 

90.78 

48.00 

16.83 

00.00 

Sewage,  July,  1896,      ..... 

1.402 

.602 

.818 

.284 

5.77 

3.05 

7.11 

Effluent,  July,  1896, 

1.273 

.255 

.238 

.017 

2.79 

2.79 

7.09 

Parts  removed,      ..... 

.129 

.847 

.060 

.267 

2.98 

0.26 

0.02 

Per  cent,  removed,        .... 

9.20 

57.63 

25.16 

94.01 

51.64 

8.52 

00.28 

No.  34.] 
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BLACKSTONE  BIVEB. 

Worcester  Sewage  Porification  Works — Concluded. 

[Ports  per  100,000.] 


Ammonia. 

OXTORN 
CONSDMKD. 

m 

ALBUMINOID. 

DATE  or  COLLECTION, 

H 

t 

! 

s 

• 

1 

e 

Filtered. 

6 
1 

Sewage,  August,  1806,         .... 

1.603 

.743 

.345 

.398 

6.30 

8.08  1 

8.01 

Effluent,  August,  1890,        .... 

1.466 

.308 

.282 

.026 

3.01 

3.01  , 

8.04 

Parts  removed, 

.187 

.436 

.063 

.372 

8.29 

0.07 

—0.03 

Per  cent,  removed,        .... 

8.65 

68.55 

18.26 

93.46 

62.23 

2.27 

-0.37 

Sewage,  September,  1806,   .... 

1.881 

.677 

.320 

.367 

6.64 

2.65 

6.83 

Bffluent,  September,  1896,  .... 

1.119 

.297 

.267 

.030 

2.64 

2.64 

6.86 

Parts  removed, 

.212 

.380 

.068 

.827 

8.00 

0.01 

—0.03 

Per  cent,  removed,        .... 

15.03 

66.13 

16.66 

91.60 

53.37 

00.37  1 

1 

-0.44 

Sewage,  October,  1896,        .... 

1.238 

.666 

.272 

.293 

6.84 

1 
2.63 

6.65 

Effluent,  October,  1896,        .... 

1.037 

.271 

.249 

.022 

2.76 

2.75 

6.71 

Parts  removed, 

.201 

.294 

.023 

.271 

3.09 

—0.12 

-0.06 

Per  cent,  removed,        .... 

16.23 

62.04 

8.46 

92.49 

62.91 

—2.91 

—0.90 

Sewage,  November,  1896,    .... 

1.267 

.613 

.296 

.318 

4.94 

2.49 

6.18 

Effluent,  November,  1896,  .... 

1.100 

.271 

.265 

.016 

2.14 

2.14 

6.17 

Parts  removed, 

.161 

.342 

.040 

.302 

2.80 

0.35  1 

0.01 

Per  cent,  removed,        .... 

12.01 

56.78 

13.56 

94.97 

56.69 

14.06  1 

! 

00.16 

Sewage  for  year  ending  Dec.  1, 1896, 

1.118 

.497 

.246 

.251 

4.63 

2.47 

5.50 

Effluent  for  year  ending  Deo.  1, 1896, 

1.012 

.229 

.209 

.020 

2.23 

2.23 

6.53 

Parts  removed, 

.106 

.268 

.037 

.231 

2.40 

0.24 

—0.03 

Per  cent,  removed,        .... 

9.48 

63.92 

16.04 

92.02 

61.62 

9.72 

-0.54 

Note.— Monthly  averages  are  made  from  daily  analyses  of  sewage  and  effluent.  The  daily  sewage 
samples  consist  of  forty-eight  portions  taken  half  hourly.  Sewage  samples  are  taken  as  nearly  as  pes- 
sible  in  proportion  to  the  amount  of  sewage  being  received  at  the  time  of  sampling.  Effluent  samples 
consist  of  twenty.four  portions  taken  hourly. 
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BLACKSTONE  RIVER. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 

FOR  THE  Years  1888  to  1896,  inclusive. 

Blacksione  River  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works, 

[Parts  per  100,000.] 


Kesidck  on 
Evapora- 

Ammonia. 

Nitrogen 

AS 

tion. 

• 

g 

Albuminoid. 

TEAR. 

■1^ 

. 

• 

i 

i 

o 

§1 
s 

1 

• 

1 

> 

"o 

m 
2 

DS- 

pended 

s 

i 

.a 

i 

e 

• 

3 

♦* 

2 

O 

H 

J 

Ck 

H 

Q 

00 

O 

^ 

Sq 

t3 

1888 

0.64 

.2112 

.1040 

. 

. 

1.21 

.0370 

.0029 

1889, 

0.7« 

. 

_ 

.2841 

.1198 

.0629 

.0669 

1.06 

.0236 

.0024 

. 

1890, 

0.82 

. 

. 

.1800 

.1024 

.0549 

.0476 

1.03 

.0367 

.0014 

. 

1891, 

0.80 

18.54 

4.00 

.3340 

.1663 

.0840 

.0723 

1.73  1 

.0333 

.0032 

4.6 

1892, 

0.71 

16.28 

4.85 

.2530 

.126-2 

.0627 

.0635 

1.84 

.0312 

.0061 

4.0 

1893. 

0.68 

17.95 

4.88 

.1429 

.0603 

.0326 

.0277 

1.04  1 

.0180 

.0012 

4.6 

1894,   , 

0.86 

17.17 

6.58 

.0739 

.0570 

.0304 

.0266 

0.88 

.0195 

.0006 

3.7 

1895. 

0.84 

13.40 

4.02 

.0607 

.0374 

.0229 

.0146 

0.86  1 

.0175 

.0007 

2.9 

1896.   . 

0.75 

12.60 

8.37 

.0759 

.0486 

.0300 

.0177 

1.01 

.0187 

.0010 

2.9 

Blackstone  River  below  Sewage  Precipitation  Works. 


looo,    •    *     .    •    * 

0.64 

1 

.2112 

.1040 

1.21 

.0370 

.0029 

1889, 

0.76 

. 

. 

.2841 

.1198 

.0629 

.0669 

1.06 

.0-236 

.0024 

• 

1890, 

0.74 

— 

. 

.2-253 

.1177 

.0581 

.0596 

1.26 

.0381 

.0016 

. 

1891, 

0.80 

16.62 

4.62 

.4080 

.1303 

.0695 

.0608 

1.91 

.0368 

.0031 

4.6 

189-2, 

0.63 

19.35 

6.29 

.3633 

.1442 

.0737 

.0705 

2.21 

.0278 

.0033 

7.2 

1893, 

0.74 

25.65 

6.64 

.3767 

.1447 

.0864 

.0583 

1.98 

.0369 

.0070 

7.4 

1894,   . 

0.60 

25.76 

6.61 

.4-228 

.1309 

.0946 

.0363 

2.13 

.0316 

.0047 

7.9 

1895, 

0.79 

19.14 

4.78 

.2298 

.0840 

.0573 

.0267 

1.52 

.0847 

.0040 

6.8 

1896, 

0.40 

24.28 

6.36 

.2645 

.0930 

.0616 

.0315 

l.Ol 

.0366 

.0071 

8.8 

Blackstone  River  at  Uxbridge. 


loo^i      1      •      9      •      • 

0.45 

. 

.0979 

.0284 

f 

0.61 

.0322 

1 
.0008  1 

1889. 

0.28 

. 

— 

.0992 

.0300  .0191 

.0109 

0.60 

.0263 

.0009  ' 

. 

1890, 

0.26  1 

• 

. 

.1168 

.0214  .0162 

.0062 

0.66 

.0272 

.0006 

. 

1H91, 

0.27  ' 

8.32 

1.94 

.1647 

.0272  '.0197 

.0075 

0.77 

.0396 

.0008 

2.8 

1892, 

0.21  , 

8.59 

1.90 

.2113 

.0-2-22  ;.0163 

.0069 

0.82 

.03-26 

.0007 

2.8 

1893, 

0.40  ' 

9.45 

1.91 

.1603 

.0256  .0167 

.0039 

1.00 

.0424 

.0029 

8.2 

1894, 

0.61  1 

10.80 

1.97 

.1372 

.0242  .0187 

.0055 

1.22 

,.0460 

.0032 

4.0 

1895, 

0.64 

10.66 

2.44 

.1081 

.0315  .0243 

.0072 

1.05 

.0439 

.0037 

8.9 

1896, 

0.42 

10.77 

2.50 

.1209 

.0308  .0249 

.0069 

1.09 

.0406 

.0064 

4.2 

Blackstone  River  at  Millville, 


1«<SS, 

0.47 

1 

i 
-  1 

.0444 

.0263 

. 

0.44 

.0242 

.0006 

1 

1S89, 

• 

0.38 

1   ^ 

. 

.0450  '.0277 

.0206 

.0071 

0.43 

.0160 

.0004 

.. 

1890. 

0.84 

. 

—  ' 

.0687 

.0211  .0162 

.0049 

0.46 

.0240 

.0004 

. 

181)1, 

0.32 

6.06 

1.83 

.0807 

.0293  .0194 

.0099 

0.55 

.0276  .0006 

1.9 

1892, 

0.86 

1  6.03 

1.62  1 

.0896 

.0249  1.0180 

.0069  , 

0.64 

.0218 

.0004 

1.8 

1893, 

.  0.40 

6.23 

1.63  ' 

.0899 

.0288  .0225 

.0063 

0.66 

.0289 

.0008 

2.0 

1894, 

.  0.49 

I  6.37 

1.90  1 

.0528 

.0219  .0173 

.0046 

0.73 

.0-232 

.0008 

2.6 

1895, 

0.68 

'  7.47 

2.27 

.0601 

.0253  .0189 

.0064 

0.74 

.0278 

.0016 

2.7 

1896, 

0.40 

1  7.34 

1.64 

.0640 

.0248 

.0186 

.0063 

0.76 

.0347 

.0018 

».8 

No.  34.] 


EXAMINATION  OF  RIVERS. 


393 


BliACKSTONE  RIVER. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 
FOR  Six  Months,  from  June  to  November,  inclusive,  of  £ach  Year 
FROM  1887  TO  1896,  inclusive. 

Blackstone  River  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works, 

[PartB  per  100,000.] 


Keaiddb  oh 

EVAFORA- 

Ammonia. 

KlTBOOBM 

A«                1 

TION. 

« 

c 

Albuminoid 

MONTHS. 

o 

"2 

•8 

i  1 

• 

S 

i 

• 

"3 

• 

• 
5 

i 

o 

m 
m 

si 

hlori 

e 

ardn 

o 

H 

h 

H 

a 

oc 

'     ^     1 

'^ 

^ 

n 

June 

-Nov.,  1887,    . 

0.91 

. 

^ 

.2686 

.1141 
.1112 

. 

. 

1.36  ' 

.0160 

^^ 

. 

"      lb88,     . 

0.76 

.. 

. 

.2668 

.0567 

.0656 

1.50 

.0382 

.0041 

. 

••      188».     . 

0.86  ' 

. 

. 

.3980 

.1430    .0772 

.0658 

1.32 

.0177 

.0026 

• 

••      1890,     . 

1.14 

9.92 

8.03 

.2107 

.1246 

.0673 

.0573 

1.07 

.0250 

.0015 

2.9 

**      1891,     . 

1.10 

17.42 

6.59 

.4913 

.1960 

.1127 

.0823 

2.29 

.0192 

.0037 

6.0 

"      1892,     . 

0.52 

20.76 

6.30 

.8647 

.1433 

.0708 

.0725 

2.43 

.0227 

.0108 

6.1 

••      1893,     . 

0.40 

16.98 

4.65  , 

.1480 

.0588 

.0240 

.0348 

i  1.01 

.0115 

.0015 

6.3 

•♦      1894,    . 

0.66  ' 

16.93 

4.76 

.0548 

.0380 

.0236 

.0144 

0.74 

.0115 

.0005 

4.4 

••      1895, 

0.49  , 

14.17 

4.60 

.0613 

.0414 

.0243 

.0171 

1  O.M  , 

.0163 

.0006  < 

8.4 

••      1896, 

* 

i                • 

0.61 

12.90 

1 

2.03 

.0780 

.0415 

.0282 

.0133 

!  0.97  ' 

.0147 

.0015  ' 

8.4 

Blackstone  River  below  Sewage  Precipitation  Works, 


June-Nov. 

,1887,     . 

0.91 

.2686 

.1741 

1.36 

.0160 

1888,    . 

0.76 

. 

. 

.2658 

.1112 

.0667 

.0556 

1.60 

.0382 

.0041 

. 

1889,     , 

0.86 

. 

_ 

.3980 

.1430 

.0772 

.0668 

1.32 

1.0177 

.0026  , 

. 

1890,     . 

0.97 

11.36 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46 

j.0270 

.0018 

3.9 

1891,     . 

1.06 

1  22.25 

6.60 

.6367 

.1508 

.0883 

.0625 

2.61 

'.0233 

.0040 

6.2 

1892,     . 

0.63 

1  26.80 

7.75 

.5240 

.1810 

.0958 

.0852 

3.13 

1.0137 

.0050 

10.3 

1893,     . 

0.51 

1  30.00 

7.13 

|.6680 

.1463 

.0900 

.0553 

2.76 

.0285 

.0126 

10.9 

1894,     . 

0.40 

29.30 

5.86 

.6189 

.1390 

.1113 

.0277 

2.63 

.0212 

.0071   ' 

10.6 

1895,     . 

0.71 

22.15 

6.18 

.3246 

.0898 

.0597 

.0301 

1.86 

1.0267 

.0063  , 

7.3 

1896,     . 

0.30 

26.03 

6.68 

.2831 

.0898 

.0600 

.0298 

2.10 

.0217 

1 

1 

.0118 

1 

9.7 

Blackstone  River  at 

Uxbridge. 

June-Nov..  1887.    . 

0.39 

. 

. 

.1129 

.0271 

. 

0.79 

.0360 

, 

. 

*      1888,    . 

0.38 

6.42 

1.62 

.1165 

.0288 

.0222 

.0066 

0.68 

.0310 

.0007 

. 

«       1889,     . 

0.32 

. 

. 

.1133 

.0296 

.0192 

.0104 

0.66 

.0333    .0009 

. 

•      189«),     . 

0.26 

8.86 

2.12 

.1629 

.0231 

.0174 

.0057 

0.79 

.0259    .0006 

2.9 

•      1891,     . 

0.20 

I  10.16 

2.61 

.2280 

.0175 

.0117 

.0058 

1.04 

.0426 

.0007  1 

3.6 

•      1892.     . 

0.13 

t    9.36 

1.88 

.2840 

.0227 

.0162 

.0065 

0.99 

.0313 

.0007  t 

3.1 

•      1893,     . 

0.24    i  11.74 

2.37  1 

.1986 

.0207 

.0140    .0067 

1.20 

.0623 

.0050 

4.2 

•      1894,     . 

0.35  ',  13.07 

2.03    1.1456 

.0243 

.0188    .0060 

1.67 

.0673 

.0050 

4.9 

•      1895,*  . 

0.56    ,  12.95 

2.69    1.0906 

.0258 

.0182    .0076  1 

1.34 

.0631 

.0065  ! 

,    4.7 

'      1896,     . 

0.33  i    12.68 

1 

2.67 

.1129 

.0257 

.0221 

.0036 

1  1.38 

1 

.0477 

.0091 

6.0 

Blackstone  River  at  Millville, 


Jutie-Nov.,  1887, 
1888. 
1889, 
1890, 
1891, 
1892, 
1893, 
1894. 
1895, 
1896, 


«« 
** 
« 
«* 
*« 
«« 
•« 
f* 
«« 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


31 
41 
88 
26 
24 
37 
23 
47 
61 
35 


. 

6.22 

1.40 

6.71 

2724 

7.48 

2.35 

6.70 

1.62 

7.43 

1.73 

8.42 

2.16 

8.67 

2.65  ; 

8.53 

1 

1.69 

.0468 
.0467 
.0499 
.0736 
.1106 
1143 
.0677 
.0610 
.0356 
.0484 


.0220 

j.0296 

1.0278 

1.0196 

1.0384 

:.0294 

'.0119 

.0172 

.0233 

.0237 


.0233 
.0213 
.0152 
.0234 
.0210 
.0087 
.0139 
.0180 
.0180 


.0063 
.0060 
.0044 
.0150 
.0084 
.0031 
.0033 
.0053 
1.0067 


0.61 
0.60 
0.45 
0.53 
0.72 
0.63 
0.77 
0.89 
0.90 
0.97 


.0210 
.0278 
.0167 
.0229 
.0308 
.0217 
.0385 
.0273 
.0383 
.0413 


.0004 
.0003 
.0003 
.0006 
.0002 
.0011 
.0012 
.0024 
.0027 


2.3 
2.2 
2.0 
2.6 
2.8 
3.2 
3.3 


*  Average  of  Ave  months.    No  sample  was  obtained  in  June. 
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BI.ACKSTONE  RIVER. 

Chemical  Examination  of  Water  from  Blacksione  Biver  between 

[ParM  per  100,000.] 


1 

3 

Date  of 

Collection. 

APPKA&4NGE. 

Kksidub  on  Evapokation. 

TnrbWlty. 

Sediment 

i 

a 

TOTAL  BKSIDUB.          |  LOSS  ON  lONITIOy. 

• 

i 

• 

1 

cc 

'1 

1 

• 

I 

CO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15936 
16107 
16287 
16467 
16639 
16813 
17039 
17254 
17469 
17691 
17916 
18151 

1896. 

Jan.  22 
Feb.  19  1 
Mar.  18 
Apr.  22 
May   20 
June  17 
July  22 
Aug.  19 
Bept.  15 
Oct.    21 
Nov.  18 
Dec.  17 

Decided. 
Decided. 
Decided. 
Distinct. 
Thick,  rusty. 
Decided,  rusty. 
Decided,  rusty. 
Decided,  milky. 
Decided,  milky. 
Decided,  milky. 
Decided. 
Decided,  milky. 

Cons. 
Cons. 
Cons. 
Cons. 

Heavy,  brown. 
Cons.,  rusty. 
Cons.,  rusty. 
Cons.,  brown. 
Cons.,  brown. 
Cons. 
Cons. 
Cons.,  dark. 

1.80 
1.05 
1.10 
0.75 
0.83 
0.02 
0.10 
0.88 
0.97 
1.25 
0.35 
0.95 

10.60 
10.50 
13.20 

8.00 
21.20 
22.00 
10.20 
15.20 

9.80 
11.00 

9.20 
11.40 

8.80 
8.60 

10.20 
4.80 

12.00 

20.40 
4.60 

10.00 
6.80 
9.00 
7.60 
8.80 

1.80 
1.90 
3.00 
3.20 
8.60 
1.60 
5.60 
5.20 
3.00 
2.00 
1.60 
2.60 

3.80 

3.60 

4.80 

,  2.00 

'  5.80 

'  3.40 

1  2.60 

1  3.80 

2.00 

'  3.20 

2.60 

2.80 

2.00 
2.70 
2.80 
1.60 
8.00 
8.40 
1.40 
2.40 
1.40 
2.00 
1.20 
2.00 

1.20 
0.90 
2.00 
0.40 
2.80 
0.00 
1.20 
1.40 
0.60 
1.20 
1.40 
0.20 

13 

Av.. 

0.75 

12.69 

0.85 

3.84 

1  8.37 

2.20 

l.ll 

Odor,  disagreeable. The  samples  were  collected  from  the  river,  about  200  feet  below  the  iron 

Wednesday.    The  aamples  were  collected  at  various  hours  between  8.15  a.m.  and  1.80  p.m. 


Chemical  Examination  of  Water  from  Blackstone 

[Parta  per  100,000.] 


1 

in 

Date  of 

Collection. 

Appkaramcb. 

RssiDCfi  ON  Evaporation. 

Turbidity. 

Sediment 

1 

TOTAL  SK8IDCTK. 

'  LOSS  ON  lOHITIOV. 

1 

i 

1 

cc 

«4 

1 

1 

1' 

it 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

15937 
16108 
16288 
16468 
16640 
16814 
17040 
17255 
17470 
17092 
17917 
18152 

18M. 

Jan.   22 
Feb.   19 
Mar.  18 
Apr.  22 
May   20  1 
June  17 
July  22, 
Aug.  19, 
Bept.  15 
Oct.    21) 
Nov.  18 
Deo.  17 

Decided. 
Decided. 
Decided. 
Decided. 
Decided,  rusty. 
Distinct,  brown. 
Distinct,  yellow. 
Decided,  milky. 
Decided,  milky. 
Decided,  maty. 
Decided. 
Decided,  milky. 

Heavy. 
Cons. 
Cons. 
Cons. 

Heavy,  rusty. 
Heavy,  brown. 
Cons.,  brown. 
Cons.,  rusty. 
Cons.,  rusty. 
Cons.,  maty. 
Heavy. 
Cons.,  rasty. 

.18 

.78 
.80 
.70 
.80 
.02 
.80 
.85 
.80 
.80 
.55 
.26 

28.20 
17.00 
15.00 
13.80 
83.60 
28.40 
22.40 
25.60 
27.20 
30.40 
22.20 
27.00 

28.20 
14.20 
12.20 
11.40 
23.60 
24.40 
19.80 
22.80 
24.40 
27.40 
18.20 
22.00 

6.00 
2.80 
8.40 
2.40 
10.00 
4.00 
2.60 
2.80 
2.80 
3.00 
4.00 
5.00 

9.00 
5.60 
4.00 
3.40 
9.00 
10.40 
4.80 
5.40 
6.80 
6.20 
5.60 
6.20 

0.00 
4.80 
2.20 
2.80 
4.80 
8.00 
3.80 
2.00 
5.00 
5.00 
4.00 
0.00 

2.40 
0.80 
1.80 
0.00 
4.20 
1.80 
1.00 
2.80 
1.80 
0.00 
1.00 
O.SO 

18 

Av. . 

.40 

24.28 

20.80 

8.08 

6.86 

4.7t 

l.OS 

Odor,  disagreeable,  frequently  offensive. The  samplea  were  eoUeoted  from  the  rlvM*  above  Mill* 

the  river.    No.  17470  was  collected  on  Tuesday,  No.  18162  on  Thursday,  aod  the  other  samplea  on 
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BLACKSTOITE  BIVICB. 

Mill  Brook  Channel  and  the  Worcester  Sewage  Precipitation.  Works. 

[Part!  p«r  lOO.OOO.J 


AMMOVIA. 

1 

e 

NlTROOKW  At 

Iron. 

• 
• 

a 

1 

n 

ALBCMIXOID. 

• 
• 

S 

Sis 

• 

5 

1 

• 

1 

• 

i 

• 

• 

•o 

a 

CO 

.0620 
.0472 
.1960 
.0144 
.1160 
.2880 
.0272 
.0760 
.0336 
.0278 
.0156 
.0168 

.0510 
.0234 
.0950 
.0278 
.1030 
.0620 
.0816 
.0470 
.0366 
.0396 
.0322 
.0342 

.0350 
.0144 
.0760 
.0192 
.0340 
.0490 
.0146 
.0216 
.0268 
.0360 
.0214 
.0234 

.0160 
.0090 
.0190 
.0086 
.0690 
.0130 
.0170 
.0254 
.0098 
.0036 
.0108 
.0108 

0.92 
1.50 
1.05 
0.41 
1.73 
1.98 
0.58 
0.66 
0.72 
1.10 
0.80 
0.78 

.0270 
.0470 
.0250 
.0150 
.0030 
.0350 
.0050 
.0050 
.0060 
.0150 
.0220 
.0200 

.0007 
.0012 
.0010 
.0003 
.0000 
.0056 
.0004 
.0005 
.0005 
.0015 
.0006 
.0004 

.4900 
.5300 
.9200 
.5900 
.9800 
.4200 
.8700 
.4500 
.6600 
.4400 
.7200 
.2700 

.8800 
.8200 
.4400 
.1300 
.1700 
.0040 
.0060 
.0480 
.2160 
.4200 
.2800 
.1440 

1.8 
8.2 
2.2 
1.5 
8.4 
8.4 
2.1 
2.5 
1.8 
2.5 
2.9 
2.3 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

.0759 

.0486 

.0309 

.om 

1.01 

.0187 

.0010 

.6117 

.2132 

2.9 

13 

bridge.    No.  17409  was  collected  on  Tneeday,  No.  18151  on  Thursday,  and  the  other  aamplea  on 


Biver  below  the  Worcester  Sewage  Precipitation  Works, 

[ParU  per  100,000.] 


AmcoMiA. 

• 

1 
§ 

NiTBOOBM  Ai 

IBON. 

• 

i 
1 

n 

ALBUMIlfOID. 

s 

i 

5 

i 

a 

i 

a 

• 

I 

• 

1 

.8680 
.1800 
.1560 
.1400 
.4240 
.0600 
.8600 
.3520 
.48U0 
.4080 
.0384 
.2080 

.1020 
.0880 
.0880 
.0630 
.1700 
.0430 
.0980 
.1070 
.1260 
.1450 
.0200 
.0656 

.0770 
.0610 
.0360 
.0470 
.1090 
.0270 
.0670 
.0600 
.0840 
.0940 
.0078 
.0480 

.0250 
.0270 
.0520 
.0160 
.0610 
.0160 
.0810 
.0270 
.0420 
.0510 
.0122 
.0176 

2.05 
1.62 
1.27 
1.08 
2.48 
0.82 
2.22 
2.41 
2.90 
2.60 
1.63 
1.86 

.0800 
.0650 
.0370 
.0350 
.0050 
.0100 
.0030 
.0030 
.0040 
.0650 
.0460 
.0750 

.0040 
.0025 
.0016 
.0018 
.0001 
.0007 
.0000 
.0300 
.0160 
.0160 
.0080 
.0040 

0.7800 
0.3500 
1.4000 
0.3100 
0.8200 
7.4000 
0.8900 
0.3500 
0.3100 
0.4600 
0.9400 
0.2900 

0.0280 
0.1950 
0.0700 
0.1480 
0.1120 
6.1200 
0.0160 
0.0160 
0.0160 
0.0300 
0.1360 
O.OIOO 

9.6 
5.1 
4.2 
4.4 
0.4 

8.0 
9.8 
9.7 

12.6 
7.6 

10.4 

1 

2 
8 
4 

5 

6 

7 

8 

9 

10 

11 

12 

.2645 

.0930 

.0616 

.0815 

1.91 

.0856 

.0071 

1.1458 

0.5747 

8.8 

18 

bnry  and  below  the  point  where  the  effluent  from  the  Worcefter  Bewage  Precipitation  Work*  enters 
Wednesday.   The  samples  were  collected  at  yarloos  hoars  between  8JM)  am.  and  1.40  p.k. 
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BLACKSTOXE  RIVER. 

Chemical  Examinalion  of  Water  from  Blacksione  River  at  Uxbridge, 

[Parte  per  100,000.] 


DollecUon. 

Appbahaiick. 

Kksidue  on 

EVAPOMA- 
TIOK. 

Ammonia. 

NiraooEN 

AS 

Consamed.    i 

• 

«i 

• 

1 

Albuminoid. 

blorine. 

• 

• 

1 

• 

1 

s 

a 

"5 

5 

Si 

•0 

1 

3 

c 

a 

0 

• 

1 

5 

I 

• 

0 

1 

us- 
pended 

1 

i 

M 

8 

s 

s? 

^      i 

H 

00 

0 

H 

b, 

H 

a 

lOG 

Q    1 

i^ 

in 

0 

a 

1806.  1 

15943 

Jan.  23; 

Distinct. 

Slight. 

.80 

9.00 

2.00 

.1600;.0330 

.0240 

.0090 

0.92 

.0330 

.0015 

.47 

3.6 

16112 

Feb.  20  ■ 

Distinct.  !  Slight. 

.58 

7.80 

2.10 

.0960  .039«J. 0340 

.0050  0.63  .0400 

.«)01i;1.40  '  2.7 

lfli93 

Mar.  19' 

Distinct. 

Cons. 

.35  , 

7.70 

2.60 

.0840.0270.0200 

.0070  0.60  .0350 

.0011  1.32 

1.8 

1W72 

Apr.  23 

Distinct. 

Slight, 

.60 

8.20 

2.20 

.1520.0430 

.0370 

.0060  0.70,  .0300 

.0020 

.34 

3.8 

rusty. 

,         ll 

16651 

May  21 ' 

Distinct. 

Cons., 

.25 

0.80 

1.80 

.1680 

.0400 

.0260 

.0150  1.00.1.0300 

.0040 

.35 

4.1 

'I 

rusty. 

1 

1 

1'          1 

h 

ieS25 

JunelS  I  Decided.   Slight. 

.30 

9.90 

1.00 

'.2100.0230 

.0200 

.0030  1.14   .0350 

.0095  .37     4.5 

lTU6y 

July  27  1  Distinct.  ,  Cons., 

.25 

14.00 

3.10 

.0126  .0270 

.0236 

.0034: 1.68. 0950 

.0180,  .34  ,  4.8 

rusty. 

1 

1         1 

17258 

Aug  20 

Slight, 

Slight. 

.23     14.00 

3.10 

.0068  .0234 

.01  'o;. 0044!  1.641 

.0500 

.0020 

.87 

5.4 

j 

milky. 

1 

1 

i 

h 

1 

17490 

Sept.17'  Distinct.  !Cona., 

.25     13.70  1 

S.50 

.1040 

.02)4  .0184 

.0060  1.461.0310 

.0180  .35 

5.6 

brown. 

1 

1 

1 
.0050  .45 

17698 

Oct.  22 

Distinct, 

Slight. 

.40 

13.70 

2.60 

.1880.0310.0270 

.0040  1.43,1.0650 

5.4 

milky. 

17919 

Nov.  19. 

Distinct. 

Sliffbt. 

.55 

10.80 

2.70 

.1660  .0266  .0246 

.0020  1.14'I.OlOOi 

.0020 

.43 

4.8 

15149 

Dec.  17 

Distinct, 

Slight. 

.53  1 

9.70 

2.40 

.1136' .0336  .02681.0068!  0.97| 

.0820 

.0012 

.49 

4.0 

' 

milky. 

1 

.42 

1 

.1209 

.0054' 

.39 

Av  T .  1 

1 

10.77 

2.50 

'          1          1         1 
.0308  -(V210   nAAOi  i.aq    tiiit.^ 

4  9 

! 1 

1 

Odor,  generally  musty,  frequently  disagreeable. The  samples  were  collected   from  the  canal 

leading  from  the  upper  dam  of  the  Calumet  Woolen  Company  to  the  mill,  Just  before  the  water  passed 
the  screens. 

Chemical  Examinalion  of  Water  from  Blacksione  River  at  Millville,  Blacksione, 

[Parte  per  100,000.] 


>llectJon. 

Appbarancb. 

Kksidue  ox 
Evapora- 
tion. 

Ammonia. 

NlTROGBN 
AS 

• 

a 

Lost  on 

Ignition. 

Albuminoid,      j 

1 

V 

6 

a 

0 

0 

5 

<• 

• 

a 

s 

a 

i 

0 

« 
0 

i 

.    1 

0    1     JS 

.  1 

•0 

•  c  1 

3  a. 

c 
■c 

3  ' 

m 

1 

i 

•c 

St    1 

e 

M 

• 

1 

55      !        Q        , 

H 

^        1 

H 

k 

H       r:     X 

< 

1    >r       75    , 

0        = 

1 
1806. 

1 

1 

15942  '  JHn.23 

Distinct. 

Slight. 

.60 

6.60 

1.60 

.0672  .0204  .01 52. 0052  0.64 

.02:.0  .0004 

.44     2.5 

16115     Feb.  20 

,  Distinct,    Slight. 

.50 

6.00 

1.80 

.0640  .0250  .0180  .0070  0.46 

.0380  .0005   .40  '  1.9 

>      milky,  j 

1           '            '         ' 

1 

16292 

Mar.  19 

Distinct.    Slight. 

.37 

5.10 

0.90 

.0440.0320.0170.0150  0.41 

.0250  .0006  .34      1.6 

16461 

Apr.  22 

Distinct.    Slight. 

.50 

6.00 

1.80 

.0752  .0174  .0144  .0030  0..')2 

.0200  .0014   .46     2.8 

16652 

May  21 

Distinct. 

Slight, 
rusty. 

.30 

6.10 

1.50 

.0600  .0800  .0220. 0080  0.59 

.0350  .0020'  .32 

1           (, 

2.4 

16S24 

JunelS 

Decided.    Slight. 

.50 

5.10 

0.60 

.0564  .0296  .0148  .014S  0.64 

.0350  .0038  .49 

2.6 

17U47 

July  23 

DlHiinct.    Slight. 

.28 

0.65 

2.05 

.0064  .0248  .0192  .OO06  1.18 

.OfiSO  .0045   .29 

8.6 

17-259 

Aug  20  \ 

Slight.      iSHvht. 

.23 

10.05 

1.65 

.0024.0202.0176.0020  1.20 

.0400  .0005   .33 

3.9 

17492    Sept.17  1 

DlMilnot.  1  Slight. 

.25 

10.00 

2.40  1 

.0600.0210.0162.0048  1.10 

.0200  .0045'  .37 

3.6 

17711  jOcl.  22 

1                ' 

Distinct,  1  Slight, 
milliy. 

.40  1 

1 

8.90 

2.20  1 

.0950  .0240  .0220  .0020  0.99 

1 

.0400.0020*  .48 

i         r 

8.4 

17918    Nov.  18 

Distinct.  :  Slight. 

.42 

7.60 

1.25 

.0704  .0228  .0184  .0014  0.74 

.0450  .0008   .39     2.7 

18160    Dec.  17  1 

DiMiinct,    Slight. 

.45  1 

7.20 

1.90 

.0576  .0300  .0266  .0034  0.74 

.0200  .OOOiS   .60 

8.4 

1 

clayey. 

.40 

7.34 

1 

1 

.0549 

.006;^  ,0.76 

.1 

1 
.0347  .0018   .40 

Av...  • 

........I 

1.64 

.0218  .018.<) 

2.8 

1 

! 

1 

ll 

Odor,  musty,  frequently  becoming  dinagreenhle  on  heating. -^ The  samples  wore  collected  from 
the  river,  Just  above  the  dum  in  the  village  of  Millvllle. 
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Charles  River. 


charl.es  riveu. 


Chemical  Examination  of  WcUer  from  the  Charles  Biver  at  Medway, 

[Parts  per  100,000.] 


Residue  on 

1 

o 

Appearancs. 

Evapora- 

Amuokia. 

NiTBOOEN 

1 

tion. 

AS 

E 

1 

• 

Albuminoid. 

umber. 

o 

s 

5 

• 

•3 

1 

s 

1 

• 

o 

1 

Loss  on 
IgniUo 

• 

i 

1 

49 

it 

• 

1 

1 

i 
1 

a 

1 

i 

at 

y. 

S 

H 

GO 

O 

H 

S 

H 

Q 

09 

O 

J»5 

K 

o 

n 

189«. 

t 
1 

1«715 

Jane  2 

DUtiDct. 

Slight. 

1.30 

4.05 

2.45 

.00e0j.028« 

.0256 

.0030 

.29 

.0050.0000 

1.04 

0.8 

Odor,  distinctly  vegetable. The  aample  was  collected  from  Charles  River  just  below  the  dam  at 

Ray  and  Wilson's  mill  in  the  easterly  part  of  the  town  of  Medway. 


HoosAO  River. 

Chemical  Examination  of  Water  from  the  Hoosac  Biver  at  Williamstown, 

[Parts  per  100,000.] 


I 

a 

a 


§ 


5 
I 


15965 

10086 

16270 

10452 

16619 

16816 

17031 

17231 
1746,'i 

17674 

17880 

18144 


189«. 

Jan.  27 

Feb. 18 

Mar.  18 

Apr.  21 

May  19 

JaDel6 

Jaly  2] 

Aug.18 
Bept.l5 

Oct.  20 

Nov.  17 

Dec.  15 


Appkasamob. 


I 


a 


Decided, 

clnyey. 
Decided, 

milky. 
Decided, 

milky. 
Distinct, 

milky. 
Decided, 

milky. 

Distinct, 

floe. 

Distinct, 

milky. 
Distinct. 
Distinct, 

milky. 
Decided, 

milky. 
Decided, 

milky. 
Distinct, 

milky. 


Blight, 

earthy. 
Cons., 

white. 
Slight. 

earthy. 
Cons., 

dark. 
Cons  , 

earthy. 
Cons., 

floe. 
Cons. 

Cons. 
Cons., 

brown. 
Cons. 

Cons. 

Slight. 


.12 

.20 

.20 

.23 

.80 

.15 

.30 

.20 
.25 

.20 

.18 

.15 


Residue  on 
Evapora- 
tion. 


5 


e 
o 

e  Q 

og, 


10.90 

17.70 

14.20 

7.00 

11.90 

10.80 

14.00 

11.95 
12.60 

10.90 

10.00 

10.00 


2.90 

5.70 

4.85 

1.80 

2.40 

2.10 

2.50 

2.55 
2.60 

2.00 

2.60 

2.90 


Ammonia. 


Albuminoid. 

•8 

• 

•o 

m 

1 

o 

«o 
m 

si 

&H 

H 

5 

00 

.0028 

.0844 

.0482 

.0004 

.0004 

.0060 

.0488 

.0560 
.0456 

.0184 

.0020 

.0002 


.0192 

.0704 

.0760 

.0168 

.0280 

.0272 

.0318 

.0256 
.0238 

.0204 

.0312 

.0206 


.0138 

.0656 

.0454 

.0124 

.0180 

.0150 

.0246 

.0194 
.0148 

.0144 

.0150 

.0120 


.0054 

.0148 

.0306 

.0044 

.0100 

.0122 

.0072 

.0062 
.0090 

.0060 

.0162 

.0086 


c 
o 


Nitrogen 

AS 


0.25 

1.12 

0.55 

0.17 

0.44 

0.42 

0.40 

0.36 
0.39 

0.80 

0.38 

0.37 


s 


5 


.0380 

.1600 

.0550 

.0180 

.0170 

.0120 

.0100 

.0100 
.0080 

.0180 

.0220 

.0200 


.0003 

.0042 

.0009 

.0004 

.0010 

.0010 

.0020 

.0040^ 
.0020 

.0010 

.0010 

.0008 


i 

8 

a 


a 

M 

o 


S 

a 


.37 

.80 

.95 

.86 

.48 

.26 

.35 

.85 
.83 

.30 

.87 

.30 


6.5 

10.0 

7.3 

4.4 

8.9 

8.2 

10.4 

8.6 
9.6 

8.1 

7.1 

7.7 


Averag 

esby 

Team, 

^ 

1887* 

. 

.21 

1 
11.50 

1.23 

.0057 

.0178 

'0.22 

.0239 

. 

. 

- 

18R8 

. 

. 

.10 

10.21 

1.65 

.0040 

.0187 

.0143 

.0044  0.24 

.0306  .0010 

. 

- 

- 

1889t 

- 

• 

.08 

8.74 

1.18 

.0071 

.0162 

.0104 

.0058  0.18 

.0264.0006 

• 

• 

- 

1894 

. 

- 

.23 

10.77 

2.13 

.0111 

.0265 

.0169 

.0096 

0.35 

.01571.0009  .34 

7.8 

- 

1895 

• 

• 

.28 

12.41 

2.95 

.0146 

.0334.0207 

.0127 

0.39| 

.0162.0013  .46 

8.1 

• 

1896 

^ 

~ 

.21 

11.83 

2.91 

.0261 

.0326 

.0217 

.0109 

0.44  .0823 

.0015 

.44 

8.1 

*  Jane  to  December.  t  Jftonary  to  May. 

NoTK  to  analyses  of  1896:  Odor,  generally  ronsty,  freqnentlv  also  tarry  or  disagreeable  The 

sAmpl<»A  were  collected  from  the  river  at  the  bridge,  near  the  WilUamstown  station  on  the  Fitchburg 
Uallroad. 


398 


STATE  BOARD  OF  HEALTH-         [Pub.  Doc. 


HOirSATONIC  BIVEB. 


HousATONio  River. 


Chemical  Examination  of  Water  from  the  Housaionic  River  at  New  Lenox, 

[Parts  per  100,000.] 
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15900 

Jan.  20 

Slight, 

Slight. 

.20 

12.30 

2.80 

.0314 

.0206 

.0170 

.0036 

.29 

.0330 

.0020 

.35 

9.6 

milky. 

'l 

161U 

Feb.  20 

Decided, 

Slight, 

.27 

10.90 

2.40 

.0076 

.0196 

.0146  .0050  1.26  | 

.0280 

.0004 

.48 

8.8 

clayey. 

earthy. 

10265 

Mar.  17 

Distinct, 

Slight. 

earthy. 
Cons. 

.25 

8.80 

1.00 

.0070 

.0196 

.0128 

.0068  .17 

.0280 

.000.1   .31 

6.3 

16438 

Apr  20 

clayey. 
Decided, 

.35 

6.75 

1.55 

.0040 

.0214 

.0138 

1 
.0076  .11 

.0150 

.0002 

.38 

4.Q 

milky. 

16654 

May  21 

Distinct. 

Cons., 

.22 

11.30 

2.30 

.0104 

.0224.0186.00381.21  I 

.0200 

.0010 

.29 

8.6 

brown. 

1 

16787 

Janel5 

Distinct. 

Cons., 

.90 

11.60 

2.20 

.0472 

.0186  .0144 

.0042  .26 

.0030 

.0016 

.31 

8.7 

brown. 

17021 

July  21 

Slight. 

Slight. 

.18 

18.00 

0.70 

.0122 

.0170 

.0136 

.0034 

.29 

.0180 

.0136 

.27 

10.1 

17218 

Ang.l7 

Slight. 

Slight. 

.20 

12.35 

2.20 

.0120 

.0202 

.0172 

.0030 

.22 

.0170 

.0175 

.36 

10.0 

17466 

8ept.l4 

Slight. 

Cons., 
brown. 

.30 

13.00 

2.40 

.0228 

.0174 

.0144 

.0030| 

1 

.21 

.0200 

.0050 

.41 

9.7 

17671 

Oct.  20 

Distinct. 

Slight. 

.31 

11.00 

2.40  1 

1 

.0092 

.0218 

.0194 

.00241 

.20 

.0180 

.0008 

.46 

8.1 

17871 

Nov.  16 

Distinct, 
floe 

Cons., 
brown. 

.33 

12.40 

2.60 

.0312 

.0154 

.0134 

.0020 

.23 

.0250 

.0010 

.82 

10.4 

18123    Dec.  15 

Distinct. 

Cons. 

.25 

10.80 

1.70 

.0078 

.0168 

.0138 

.0030 

.22 

.0250 

.0005 

.34 

9.1 

Averages  by  Years. 


- 

1893* 

- 

.    - 

.30 

9.73 

2.21 

.0058 

.0174 

.0134 

.0040 

.16 

1 
.0175  .0014 

.42 

7.0 

- 

1894 

- 

- 

.27 

11.37 

2.13 

1 

.0131 

.0183 

.0144 

.0039 

.25 

.0204  .0024 

.35 

8.5 

- 

1896 

- 

- 

.26 

11.73 

2.50  > 

.0183 

.0238 

.0183 

.0055 

.25 

.0173.0038 

1 

.43 

8.4 

- 

1896 

- 

- 

.26 

11.18 

1.97 

.0169 

.0192 

.0152 

.0040 

.22 

1 

.0208  .0036 

.36 

8.6 

*  March  to  December. 
Note  to  analyses  of  1896:  Odor,  musty. The  samples  were  collected  from  the  river. 


Merrimack  River. 

The  usual  monthly  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1896,  the  detailed  results  of  which  may  be  found 
on  pages  204  and  190  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table :  — 
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MERRIMACK  RIVER. 

To&fe  comparing  the  Analyses  above  Lowell  vrUh  ihose  above  Lawrence,  1896. 

[Parti  p«r  100,000.] 


i 

Rbsidub  on 
Evapora- 
tion. 

Ammonia. 

• 

1 

P 

NiTROQKN 
AS 

1 

1 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

2 

2 

• 

■ 

1 

1 
1 

Q 

Sus- 
pended. 

• 

s 

a 

s 

Nomber  of  determinations  com- 
pared,         

12 

.40 
.42 

.02 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Mean  of  analyses  above  Lowell, 

Mean  of  analyses  above  Law- 
rence,         

!  8.47 
3.08 

1.28 
1.52 

.0034 
.0068 

.0167 
.0220 

.0136 
.0183 

.0031 
.0037 

.167 
.237 

.0070 
.0087 

.0001 
.0003 

1.0 
1.2 

Increase,       .... 

1  0.51 

0.24 

.0034 

.0053 

.0047 

.0006 

.070 

.0017 

.0002 

0.2 

In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  shows  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years :  — 

Increckse  in  the  Amount  of  Impurities  in  the  Merrimcick  River  Water  ^  from  a  Point 
above  Lowell  to  Lawrence^  as  determined  by  the  Regular  Monthly  Examina- 
tions of  Different  Years, 

[Parts  per  100,000.] 


6 

Rksidck  on 
Evapora- 
tion. 

Ammonia. 

e 

i 
g 

NiTROOBN 
AS 

• 

1 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

m 
i 

• 

S 

s 

2 

DATE. 

TotaL 

Dissolved. 

Sus- 
pended. 

• 

a  1 
a 

a 

1 

33 

Increase,  1887-1889,      . 

0.01 

0.23 

0.09 

.0007 

.0027 

.0017 

.0010 

.026 

.0003* 

.0000 

- 

Increase,  1890, 

0.05 

0.62 

0.22* 

.0016 

.0023 

.0017 

.0006 

.028 

.0020* 

.0000 

0.2 

Increase,  1891,      • 

0.02* 

0.29 

0.07 

.0021 

.0023 

.0021 

.0002 

.035 

.0030* 

.0000 

0.1 

Increase,  1892, 

0.06 

0.48 

0.12 

.0019 

.0037 

.0037 

.0000 

.039 

.0013* 

.0000 

0.0 

Increase,  1893, 

0.09 

0.47 

0.80 

.0031 

.0032 

.0021 

.0011 

.035 

.0002* 

.0001 

0.0 

Increase,  1894,      . 

0.02 

0.15 

0.04 

.0028 

.0032 

.0032 

.0000 

.049 

.0000 

.0000 

0.1 

Increase,  1895, 

0.11 

0.52 

0.83 

.0022 

.0063 

.0046 

.0017 

.063 

1 

.0005 

.0001 

0.1 

Increase,  1896, 

0.02 

0.51 

0.24 

.0034 

.0053 

.0047 

.0006 

1 

.070 

1 

.0017 

.0002 

0.2 

*  Decrease. 

The  average  flow  of  the  river  at  Lawrence,  for  twenty-four  hours,  during  the  days  on  which  samples 
were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  9,146, 9,948, 7,931,  5,434,  8,126, 5,459, 
11,634  and  5,886  cubic  feet  per  second. 
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HOUSATONIO  RiVEB. 


Chemical  Examination  of  Water  from  the  Housatonic  River  at  New  Lenox. 

[Parts  per  100,000.] 


I 


15900 
161U 
10265 
16438 
16654 
16787 
17021 
17218 
17455 
17671 
17871 
18123 


a 
% 

I 

a 


1896. 

Jan.  20 

Feb. 20 
Mar.  17 
Apr  20 
May  21 
Janel5 
July  21 
Ang.17 
Sept.14 
Oct.  20 
Nov.  16 
Deo.  15 


Appbarakob. 


1 


a 
§ 


Slight, 

milky. 

Decided, 

clayey. 

Dittloct, 

clayey. 
Decided, 

milky. 
DiatlDCt. 

Dittinot. 

Slight. 

Slight. 

Slight. 

Distioct. 

Distinct, 

floe 

Distinct. 


Slight. 

Slight, 

earthy. 
Slight. 

earthy. 
Cons. 

Cons., 

brown. 
Cons., 

brown. 
Slight. 

Slight. 

Cons., 

brown. 
Slight. 

Cons., 

brown. 
Cons. 


.20 
.27 
.25 
.35 
.22 
.30 
.18 
.20 
.30 
.31 
.33 
.25 


Rksjdub  on 

EVAPOKA- 
TION. 


I 


12.30 
10.90 
8.80 
6.76 
11.30 
11.60 
18.00 
12.85 
13.00 
11.00 
12.40 
10.80 


o 
o 


§a 


J 


2.80 
2.40 
1.00 
1.55 
2.30 
2.20 
0.70 
2.20 
2.40 
2.40 
2.50 
1.70 


Ammonia 


Albuminoid. 

• 

•8 

• 

•o 

% 

3 

s 

J>S 

s 

o 

s  c 

u. 

H 

c 

« 

6 

a 

1 


.0314 
.0076 
.0070 
.0040 
.0104 
.0472 
.0122 
.0120 
.0228 
.0092 
.0312 
.0078 


.0206 
.0196 
.0196 
.0214 
.0224 
.0186 
.0170 
.0202 
.0174 
.0218 
.0154 
.0168 


.0170 
.0146 
.0128 
.0138 
.0186 
.0144 
.0136 
.0172 
.0144 
.0194 
.0134 
.0138 


.0036 
.0050 


.29 
.26 


.0068'  .17 


.0076 
.0038 
.0042 
.0034 


.11 
.21 
.26 
.29 


.00301. 22 


.0030, 

.0024! 

I 

.0020* 
.00301 


.21 
.20 
.23 
.22 


NlTROOBM 
AS 


•0 

s. 


se: 


.0330 
.0280 
.0280 
.0150 
.0200 
.0030 
.0180 
.0170 
.0200 
.0180 
.0250 
.0250 


1 

o 
« 
a 
o 

a 
& 

5? 

o 


S 


.0020 

.35 

.0004 

.48 

.0003 

.31 

.0002 

.38 

.0010 

.29 

.0016 

.31 

.0135 

.27 

.0175 

.36 

.0050 

.41 

.0008 

.46 

.0010 

.82 

.0005 

.34 

9.6 

8.8 

6.3 

4.Q 

8.6 

8.7 

10.1 

10.0 

9.7 

8.1 

10.4 

9.1 


Averages  by  Years, 


- 

1893* 

- 

• 

.30 

9.73 

2.21 

.0058 

.0174 

.0134 

.0040 

.16 

.0175  .0014 

.42 

T.O 

- 

1894 

- 

- 

.27 

11.37 

2.13 

.0131 

.0183 

.0144 

.0039 

.25 

.0204.0024 

.35 

8.5 

- 

1895 

- 

- 

.26 

11.73 

2.50 

.0183 

.0238 

.0183 

.0055 

.25 

.0173.0038 

.43 

8.4 

- 

1896 

- 

- 

.26 

11.18 

1.97 

.0169 

.0192 

.0152 

.0040 

.22 

.0208  .0036 

1 

.36 

8.6 

•  March  to  December. 
Note  to  analyses  of  1896:  Odor,  musty. The  samples  were  collected  from  the  river. 


Merrimack  River. 

The  usual  monthly  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1896,  the  detailed  results  of  which  may  be  found 
on  pages  204  and  190  of  this  volume,  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table :  — 
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MERRIMACK  RIVER. 

Table  comparing  the  Analyses  above  Lowell  with  those  above  Lawrence,  1896. 

[Parti  per  100,000.] 


• 

5 

RBSIDUB  UN 

EVAPOBA- 

TION. 

Ammonia. 

« 

1 

P 

NiTROQBN 
AS 

■ 

5 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

s 

2 

• 

1 

• 

I 

1 
1 

mm 

Q 

Sus- 
pended. 

i 

a 

■H 

c« 

s 

Nomber  of  determinations  com- 
pared,         

12 

.40 
.42 

.02 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Mean  of  analyses  above  Lowell, 

Mean  of  analyses  above  Law- 
rence,         

8.47 
3.08 

1.28 
1.52 

.0034 
.0068 

.0107 
.0220 

.0136 
.0183 

.0031 
.0037 

.167 
.237 

.0070 
.0087 

.0001 
.0003 

1.0 
1.2 

Increase,       .... 

0.51 

0.24 

.0034 

.0053 

.0047 

.0006 

.070 

.0017 

.0002 

0.2 

In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  shows  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years  :  — 

Increckse  in  the  Amount  of  Impurities  in  the  Merrimack  River  Water  ^  from  a  Point 
above  Lowell  to  Lawrence^  as  determined  by  the  Regular  Monthly  Examina- 
tions of  Different  Years, 

[ParU  per  100,000.] 


i 

Rksidck  on 

EVAPORA- 
TIOV. 

Ammomia. 

6 

c 

1 

o 

NITROOBM 
AS 

1 

Loss  on 
Ignition. 

• 

i 

Albuminoid. 

• 

e 

• 

2 

DATE. 

f- 

Dissolved. 

Sus- 
pended. 

• 

s 

o 

1 

Increase,  1887-1880,      . 

0.01 

0.23 

0.00 

.0007 

.0027 

.0017 

.0010 

.026 

.0003* 

.0000 

- 

Increase,  1800, 

0.05 

0.62 

0.22* 

.0016 

.0023 

.0017 

.0006 

.028 

.0020* 

.0000 

0.2 

Increase, 1801,      . 

0.02* 

0.20 

0.07 

.0021 

.0023 

.0021 

.0002 

.035 

.0030* 

.0000 

0.1 

Increase,  1802, 

0.06 

0.48 

0.12 

.0010 

.0037 

.0037 

.0000 

.030 

.0013* 

.0000 

0.0 

Increase,  1803, 

0.00 

0.47 

0.80 

.0031 

.0032 

.0021 

.0011 

.035 

.0002* 

.0001 

0.0 

Increase,  1804, 

0.02 

0.15 

0.04 

.0028 

.0032 

.0032 

.0000 

.040 

.0000 

.0000 

0.1 

Increase,  1805, 

0.11 

0.52 

0.33 

.0022 

.0063 

.0046 

.0017 

.003 

.0005 

.0001 

0.1 

Increase,  1806, 

0.02 

0.51 

0.24 

.0034 

.0053 

.0047 

.0006 

1 

.070 

.0017 

.0002 

0.2 

*  Decrease. 

The  average  flow  of  the  river  at  Lawrence,  for  twenty.four  hours,  daring  the  days  on  which  samples 
were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  0,145, 0,048, 7,031,  5,434,  8,126, 5,450, 
11,634  and  5,886  cubic  feet  per  second. 
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NASHUA  RIVER. 


Nashua  River. 


Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River^ 

below  FUchburg, 

[ParU  per  100,000.] 


• 

a 
o 

<S 

_2J 

o 

"S 

H 

«s 
Q 

• 

Apprarancb. 

Rrsiduk  om 
Evapora- 
tion. 

Ammonia. 

• 

« 
c 

"C 
o 

O 

0.44 
0.50 
0.50 
0.39 
0.78 
0.68 
1.10 
1.20 
1.07 
0.80 
0.84 
0.63 

KiTROOKN 
AS 

• 

•0 

§ 

3 

OB 

e 
© 

s 
0 
to 

M 
0 

• 

s 

H 

. 
a 

o 
00 

i 

* 

3 

• 

1 
1 

• 

Albaminoid. 

• 

m 

S 

• 

1 
h 

1 

s 

a 
5z; 

^ 
^ 

> 

s 

O 

«> 

•a 

si 

00 

• 

t 

% 

a 

15925 
16109 
16268 
16451 
16636 
16815 
17048 
17818 
17468 
17675 
17881 
18127 

1 

1S96.  1 

Jan.  21 ' 

Feb.  19 

Mar.  17 

Apr.  21 

May  19 

Junel6 

July  22 

Aug.27 

Sept.l5 

Oct.  20 

Nov.  17 

Dec.  15 

Declded- 

1  Distinct. 

! 

\  Decided, 

1      milky. 

1  Distinct, 

i      milky. 

Decided, 
milky. 

Decided, 
milky. 
,  Disiinci. 
1 

DisUnct. 

'  Decided, 
'      milky. 
'  Decided. 

Decided, 

\      milkv. 

Decided, 

milky. 

Cons. 

Decided. 

Cons.. 

earthy. 
Cons., 

floe. 
Cons. 

Cons., 

brown. 
Cons. 

Cons. 

Cons., 

brown. 
Cons. 

Cons. 

Cons. 

.37 
.33 
.33 
.40 
.33 
.50 
.70 
.70 
.40 
.67 
.48 
.50 

6.25 

11.26, 

6.40 

4.70 

6.70 

7.70 

10.10 

11.60 

9.55 

8.25 

8.45 

6.80 

r 

2.10 
2.20 
2.85 
1.70 
2.00 
2.10 
2.50 
3.10 
2.85 
2.40 
2.80 
2.20 

.0468 
.0252 
.0742 
.0212 
.0600 
.0760 
.1860 
.0960 
.1040 
.0560 
.0708 
.0464 

.0384 
.0326 
.0632 
.0314 
.0720 
.0470 
.0550 
.0610 
.0380 
.0560 
.0654 
.0392 

.0290 
.0246 
.0440 
.0264 
.0300 
.0310 
.0380 
.0430 
.0330 
.0480 
.0376 
.0270 

.0094 
.0080 
.0192 
.0050 
.0420 
.0160 
.0170 
.0180 
.0050 
.0080 
.0278 
.0122 

.0180 
.0270 
.0250 
.0080 
.0070 
.0100 
.0070 
.0070 
.0150 
|.0150 
.0220 
.0200 

.0003| 
.0003' 
.0002| 
.0004 
.0010 

.0014 

1 

.0020 

1 

.0045 

1 

.0080 

1 

.0010, 
.0012 
.0007 

.70 
.70 
.70 
.58 
.52 
.59 
.69 
.85 
.47 
.89 
.78 
.78 

1.6 
1.8 
1.4 
1.6 
0.9 
1.9 
2.7 
2.7 
2.4 
2.7 

2.1 
2.0 

1893 
1894 
1895 
1896 


Averages  by  Years, 


.57 

7.46 

2.16 

.56 

7.89 

2.00 

.59 

8.10 

2.58 

.48 

8.15 

2.40 

.0461  .0360 
.0634  .0346 

.08321.0123 

I 
.0677,.  0499 


.0257 
.0251 
.0319 
.0343 


.0103 
.0095 
.0104 
.0156 


0.69 
0.75 
0.76i 
0.74 


.0118 
.0152 
.0134 
.0151 


.0018 
.0020 
.0010 


.58 

.74 


.00171.69 


2.0 
1.9 
2.2 
2.0 


Note  to  analyses  of  1896:  Odor,  generally  musty  and  disagreeable. The  samples  were  collected 

from  the  river,  about  half  a  mile  below  the  point  where  water  from  the  tail-race  of  the  Falulah  Paper 
Company  enters  the  stream. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver^  just 
above  its  Confluence  with  the  South  Branch  at  Lancaster, 

[P»rti  per  100,000.] 


I 

8 

o 


15041 
10008 
10282 
16466 
16649 
16884 
17044 
17253 
17488 
17603 
17808 
1815S 


s 


1S»6. 

Jan.  28 

Feb.  19 
Mar.l8 
Apr.  22 
May  20 
JaDel8 
Jaly22 
Aiig.19 
8ept.l6 
Oct.  21 
Nov.  18 
Dec.  17 


Appbasavcb. 


€ 

g 


DUtioct. 

Decided, 
milky. 

Decided, 
clayey. 

DlttlDCt. 

Distinct. 

Dietioct, 

milky. 

DisUoct. 

Decided, 
greeo. 
Slight. 

Distinct. 

Distinct, 
milky. 

Distinct, 
clayey. 


i 


I 


Cons. 

Slight, 
floe 

Cons., 
floe. 

Slight. 

Cons. 

Cons., 

brown. 
Slight, 

earthy. 
Cons., 

brown. 
Cons. 

Slight. 

Cons. 

SUght. 


.85 
.88 
.80 
.42 
.48 
.50 
.28 
.80 
.70 
.53 
.60 
.88 


Rbsiddb  om 
Evapora- 
tion. 


5 


5.50 
5.90 
5.20 
3.70 
5.80 
6.40 
5.75 
8.25 
7.65 
7.40 
6.40 
5.95 


§1 


5 


1.75 
1.95 
1.80 
1.50 
1.90 
8.05 
1.65 
2.55 
2.20 
2.65 
1.90 
1.55 


Ammoiiia. 


Albnmlnoid. 


is 
at 

CO 


.0240 
.0212 
.0080 
.0080 
.0080 
.0470 
.0032 
.0132 
.0248 
.0276 
.0860 
.0394 


.0284 
.0290 
.0288 
.0288 

.0828 
.0302 
.0520 
.0258 
.0280 
.0842 
.0246 


.0172 
.0194 
.0174 
.0194 

.0296 
.0138 
.0324 
.0242 
.0236 
.0282 
.0218 


.0112 
.0096 
.0064 
.0044 

.0032 
.0064 
.0196 
.0016 
.0044 
.0060 
.0028 


i 

-c 

o 

6 


.45 
.41 
.40 
.24 
.58 
.56 
.54 
.80 
.76 
.70 
.60 
.58 


NiTBOOBK 


i 


I 

•c 


.0200 
.0250 
.0060 
.0120 
.0080 
.0200 
.0120 
.0100 
.0200 
.0180 
.0200 
.0150 


.0002 
.0005 
.0003 
.0002 
.0012 
.0025 
.0003 
.0065 
.0085 
.0020 
.0005 
.0003 


•2 
s 

s 
« 
e 

6 

a 

M 
O 


.58 
.52 
.49 
.50 
.80 
.56 
.34 
.70 
.61 
.73 
.65 
.58 


8 

a 

•a 

a 


1.6 
1.7 
1.8 
1.2 
1.7 
1.8 
1.7 
2.3 
2.2 
2.1 
1.9 
2.2 


Averages  by  Years. 


m 

1888* 

- 

- 

.56 

7.47 

1.82 

.0118 

.0287 

.0261 

.0026 

0.72 

.0267 

.0012 

- 

- 

- 

18901 

- 

- 

.38 

6.77 

8.12 

.0117 

.0326 

.0274 

.0052 

0.62 

.0214 

.0014 

- 

2.6 

- 

1891t 

- 

- 

.46 

10.20 

8.25 

.0365 

.0266 

.0285 

.0081 

1.18 

.0331 

.0012 

- 

2.8 

- 

1802S 

- 

- 

.48 

9.75 

2.10 

.0422 

.0274 

.0237 

.0037 

l.U 

.0460 

.0010 

- 

3.0 

- 

18MII 

- 

- 

.51 

8.18 

1.98 

.0312 

.0245 

.0199 

.0046 

0.98 

1 

.0287 

.0010 

.60 

2.3 

- 

1895 

- 

- 

.51 

6.06 

2.10 

.0282 

.0260 

.0208 

.0061 

0.77 

1 

.0236 

.0019 

.59 

1.9 

- 

1896 

- 

- 

.47 

6.16 

1.95 

.0217 

.0293 

.0224 

.0069 

0.55 

.0165 

.0019 

.55 

1.8 

*  Fonr  samples  on  September  17.       f  Five  samples  in  Jaly  and  Angnst.       X  August  and  October. 
{  Angost,  October  and  November.     ||  July  to  December. 

Nora  to  analyses  of  1896:  Odor,  generally  mnsty;  in  Angnst  and  September,  vegetable.  —  The 
•amplea  were  eollected  from  the  river  at  the  railroad  bridge,  a  short  distance  above  its  month. 
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NASHUA  RIVER. 


Nashua  River. 


Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver, 

below  Filchburg. 

[Parts  per  100,000.] 


• 

c 

Appeasancb. 

Rrsioue  ok 
Evapora- 

AXMONIA. 

KiTBOOBM 
▲  8 

• 

•a 

1 

o 

'5 
S 

as 
Q 

tion. 

«5 

a 

o 
xs 
O 

3 

n 

e 

*» 
e 

1 

o 

• 

i 

•e 

• 

o 
00 

i 

o 

• 

1 

Loss  on 
Ignition. 

* 

Albuminoid. 

1 

• 

1 

S 

1 

s 

a 
&5 

i 

> 

Sus- 
pended. 

• 

33 

1809. 

15925 

Jan.  21 

Decided. 

Cons. 

.37 

6.25 

2.10 

.0468 

.0384 

.0200 

.0094 

0.44 

.0180 

.0003 

.70 

1.6 

16100 

Feb.  19 

Distinct. 

Decided. 

.33 

11.26, 

2.20 

.0252 

.0326 

.0246 

.0080 

0.50 

.0270 

.0003 

.70 

1.8 

16268 

Mar.  17 

Decided, 
!      milky. 

Cons., 
earthy. 

.83 

6.40 

2.85 

.0742 

.0632 

.0440 

.0192 

0.50 

.0250 

.0002 

.70 

1.4 

16451 

Apr.  21 

1  Distinct, 
1      milky. 

Cons., 
floe. 

.40 

4.70 

1.70 

.0212 

.0314 

.0264 

.0050 

0.39 

.0080 

.0004 

.58 

1.6 

16636 

May  19 

Decided, 
milky. 

Cons. 

.33 

6.70 

2.00 

.0600 

.0720 

.0300 

.0420 

0.78 

.0070 

.0010 

.53 

0.9 

16815 

Janel6 

Decided, 
milky. 

Cons., 
brown. 

.50 

7.70 

2.10 

.0760 

.0470 

.0310 

.0160 

0.68 

.0100 

.0014 

1 

.59 

1.9 

17048 

July  22 

1  Distinct. 

Cons. 

.70 

10.10 

2.50 

.1360 

.0550 

.0880 

.0170 

1.10 

.0070 

.0020 

.69 

2.7 

17818 

Aug.27 

'  Distinct. 

Cons. 

.70 

11.60 

3.10 

.0960 

.0610 

.0430 

.0180 

1.20 

.0070 

.0045 

.85 

2.7 

17468 

Sept.l5 

1 

1  Decided, 

'      milky. 

Cons., 
brown. 

.40 

9.55 

2.85 

.1040 

.0380 

.0330 

.0050 

1.07 

.0150 

.0080 

I 

.47 

2.4 

17675 

Oct.  20 

Decided. 

Cons. 

.67 

8.25 

2.40 

.0560 

.0560 

.0480 

.0080 

0.80 

|.0150 

.0010, 

.89 

2.7 

17881 

Nov.  17 

Decided, 
milkv. 

Cons. 

.48 

8.45 

2.80 

.0708 

.0654 

.0376 

.0278 

0.84 

1.0220 

.0012 

.78 

2.1 

18127 

Dec.  15 

Decided, 

Cons. 

.50 

6.80 

2.20 

.0464 

.0392 

.0270 

.0122 

0.63!. 0200 

.0007 

.78 

2.0 

milky. 

t 

Averages  by  Tears, 


- 

1893 

- 

- 

.57 

7.46 

2.16 

.0461 

.0360 

.0257 

.0103 

0.69 

.0118 

.0018 

.60 

2.0 

- 

1894 

- 

- 

.56 

7.89 

2.00 

.0634 

.0346 

.0251 

.0095 

0.75 

.0152 

.0020. 

.58 

1.0 

- 

1895 

- 

- 

.59 

8.10 

2.58 

.0832 

.0423 

.0319 

.0104 

0.75 

1 

'.0134.0010' 

1 

.74 

2.2 

- 

1896 

- 

.48 

8.15 

1 

2.40 

.0677  .0499 

.0843 

.0156  |0. 74 

. 0151  (. 0017  |. 69 

;          1          |i 

2.0 

Note  to  analyses  of  1896:  Odor,  generally  musty  and  disagreeable. The  samples  were  collected 

from  the  river,  about  half  a  mile  below  the  point  where  water  from  the  tail-race  of  the  Falulah  Paper 
Company  enters  the  stream. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver,  just 
above  its  Confluence  with  the  South  Branch  at  Lancaster. 

[P»rts  per  100,000.] 


1 

1 

Appbasanck. 

Rbsidub  on 

EVAPOBA- 
TION. 

AMMOmA. 

a 

-c 

6 

.46 

NiTBOOBN 
AS 

• 

1 

1 

a 

*^ 

M 

o 

1 

a 
H 

1 

i 

1 

1 

r 

1 

Albuminoid. 

1 

• 

J 

a 

1 

1 

1 

00 

8 

•» 
a 

•a 
S 

16041 

1S96. 

Jan.  23 

DUtinct. 

Cons. 

.35 

6.60 

1.76 

.0240 

.0284 

.0172 

.0112 

.0200 

.0002 

.58 

1.6 

16008 
16282 
16466 

Feb.  19 
Mar.18 
Apr.  22 

Decided, 
milkv. 

Decided, 
clayey. 

Distinct. 

Slight, 
floe 

Cons., 
floe. 

Slight. 

.38 
.80 
.42 

6.90 
6.20 
3.70 

1.95 
1.80 
1.60 

.0212 
.0080 
.0080 

.0290 
.0288 
.0288 

.0194 
.0174 
.0194 

.0096 
.0064 
.0044 

.41 
.40 
.24 

.0250 
.0060 
.0120 

.0005 
.0003 
.0002 

.62 
.49 
.50 

1.7 
1.8 
1.2 

16649 

May  20 

Distinct. 

Cons. 

.48 

6.80 

1.90 

.0080 

- 

- 

- 

.58 

.ooso 

.0012 

.30 

1.7 

16884 
17044 

Janel8 
Jaly22 

Distinct. 

milky. 

Distinct. 

Cons., 

brown. 
Slight, 

earthy. 
Cons., 

brown. 
Cons. 

.60 
.28 

6.40 
6.76 

2.06 
1.65 

.0470 
.0032 

.0828 
.0302 

.0296 
.0138 

.0032 
.0064 

.56 
.64 

.0200 
.0120 

.0025 
.0003 

.66 
.34 

1.8 
1.7 

17268 
17488 

Ang.lO 
Sept.16 

Decided, 
green. 
Slight. 

.80 
.70 

8.26 
7.66 

2.55 
2.20 

.0182 
.0248 

.0520 
.0268 

.0324 
.0242 

.0196 
.0016 

.80 
.76 

.0100 
.0200 

.0065 
.0085 

.70 
.61 

2.8 
2.2 

17603 

Oct.  21 

Distinct. 

Slight. 

.63 

7.40 

2.66 

.0276 

.0280 

.0236 

.0044 

.70 

.0180 

.0020 

.73 

2.1 

17898 
1816S 

Nov.  18 
Deo.  17 

Distinct, 
milky. 

Distinct, 
clayey. 

Cons. 
Slight. 

.60 
.88 

6.40 
6.96 

1.90 
1.65 

.0860 
.0394 

.0842 
.0246 

.0282 
.0218 

.0060 
.0028 

.60 
.68 

.0200 
.0150 

.0005 
.0003 

.65 
.58 

1.9 
2.2 

Averages  by  Years, 


m 

1888* 

- 

- 

.56 

7.47 

1.82 

.0118 

.0287 

.0261 

.0026 

0.72 

.0257 

.0012 

- 

- 

- 

1890t 

- 

- 

.38 

6.77 

2.12 

.0117 

.0826 

.0274 

.0052 

0.62 

.0214 

.0014 

- 

2.6 

- 

1891t 

- 

- 

.46 

10.20 

2.26 

.0865 

.0266 

.0285 

.0081 

1.18 

.0331 

.0012 

- 

2.8 

- 

1802S 

- 

- 

.48 

9.76 

2.10 

.0422 

.0274 

.0287 

.0037 

1.11 

.0450 

.0010 

- 

8.0 

- 

189411 

mm 

- 

.51 

8.18 

1.98 

.0812 

.0246 

.0199 

.0046 

0.98 

.0287 

.0010 

.50 

2.8 

- 

1896 

m 

- 

.61 

6.96 

2.10 

.0282 

.0260 

.0208 

.0061 

0.77 

.0236 

.0019 

.59 

1.9 

- 

1896 

- 

- 

.47 

6.16 

1.96 

.0217 

.0298 

.0224 

.0060 

0.65 

.0155 

.0019 

.56 

1.8 

*  Fonr  Baroples  on  September  17.       f  Five  samples  in  July  and  Angust.       %  August  and  October. 
{  August,  October  and  November.     ||  July  to  December. 

Nora  to  analyses  of  1896 :  Odor,  generally  musty ;  in  August  and  September,  vegetable.  —  The 
samples  were  collected  from  the  river  at  the  railroad  bridge,  a  short  distance  above  its  mouth. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  Quinepoxet  River  in  Holden, 

[Parts  per  100,000.] 


• 

e 
o 

S 

o 
5 
& 

Appearamcb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

* 

• 

c 

s 

g 

.18 
.09 

.20 
.26 
.23 
.21 

NlTBUQEN 
A8 

• 

s 

3 
m 

i 

c 

& 

>. 

M 

o 

• 

a 

c 
1 

1 

1 

• 

§ 

r 

i 

Albuminoid. 

• 

s 

1 

.0130 
.0080 

.0020 
.0070 
.0020 
.0000 

• 

m 

s 

.0000 
.0000 

.0000 
.0000 
.0001 
.0001 

• 

a 

& 

• 

> 

8 

1 

II 

CO 

« 

m 

a 

a 

16844 
16191 

16555 
16918 
17362 
17809 

18116. 

Jan.  6 
Mar.  8 

May  6 

July  2 
Sept.  2 
Nov.  9 

Distinct. 
Distinct, 
clayey. 
Distinct. 
V.  slight. 
Distinct. 
Slight. 

Slight. 
SUght. 

Cons. 
Sllfcht. 
Slight. 
Cons. 

0.70 
0.42 

0.90 
0.45 
0.88 
1.00 

3.25 
2.76 

3.40 
4.30 
3.85 
4.90 

1.35 
1.40 

1.30 
1.85 
1.40 
2.70 

.0020 
.0020 

.0014 
.0010 
.0004 
.0004 

.0212 
.0192 

.0228 
.0266 
.0358 
.0248 

.0196 
.0166 

.0146 
.0218 
.0312 
.0224 

.0016 
.0026 

.0082 
.0048 
.0046 
.0024 

0.69 
0.65 

0.67 

0.51 
1.12 

0.6 
0.0 

0.6 

0.3 
0.6 
0.9 

Averages  by  Years, 


1892 

. 

. 

0.62 

3.70 

1.49 

.0014 

1893* 

. 

. 

0.72 

3.76 

1.57 

.0004 

1894 

. 

. 

0.61 

1  3.85 

1.47 

.0041 

1895 

• 

• 

0.77 

4.47 

1.97 

.0020 

1896 

- 

- 

0.64 

3.74 

1.67 

.0012 

.0194.0158 
.0192  .0160 
.0214.0171 
.0289  .0239 
.0260,.0210 


.0036 

.19 

.0088 

.0001 

. 

.0032 

.26 

.0044 

.0001 

0.65 

.0043 

.29 

.0027 

.0001 

0.58 

.00601 

.26 

.0090 

.0003 

0.78 

.0040 

.19 

.0045 

.0000 

0.71 

0.9 
0.9 
0.7 
0.9 
0.4 


*  Angnst  to  December. 

NoTK  to  analyses  of  1806 :  Odor,  vegetable. The  samples  were  collected  from  the  river  at  Smith*! 

Woolen  Mill  in  Holden,  and  1,000  feet  from  the  line  between  Holden  and  West  Boylston. 


Chemical  Examination  of  Water  from  the  Stillwater  Biver  in  Sterling, 

[ParU  per  100,000.] 


3 

m 
Q 


15845 
16190 
16554 
16917 
17861 
17808 


1896. 

Jhu.  6 
Mar.  8 
May  6 
July  2 
Sept.  2 
Nov.  9 


Appsaramcb. 


2 


■J 

s 

s 


o 


V.  slight. 

Blight. 

Distinct. 

V.sbght. 

Distinct. 

V.  slight. 


V.  slight. 

Slight. 

Slight. 

Slight. 

Cons. 

V.sUght. 


.08 
.40 
.50 
.35 
.30 
.75 


Rksid 

utoxll 

Evapora- 

tion. 

• 

e 

o 

** 

^ 

son 
Ignl 

H 

3 

8.20 

1.45 

2.25 

0.90 

3.10 

0.95 

3.65 

1.50 

3.60 

1.30 

4.10 

2.00 

Ammohia. 


Albuminoid. 

t 

• 

i 

• 
t 

g 

a 

k 

H 

Q 

oc 

.0004' .0166 


.0012 
.0012 
.OUIO 
.0068 
.0002 


.0172 
.0186 
.0210 
.0468 
.0186 


.0144 
.0168 
.0172 
.0192 
.0410 
.0144 


.0012 
.0014 


6 

€ 


.19 

:.o7 


.0014/.17 
.0018!  .14 
.0058,  .21 
.00421  .17 


NrrxooBM 
▲s 


I 


i 
1 


.0070  .0000 
.0080.0000 
.0030.0001 
.0060.0000 
.0000.0001 
.0030^.0001 


B 

M 
K 
M 

o 


.60 
.51 
.50 

.51 
.99 


0.6 
0.2 
1.8 
0.6 
0.9 
0.6 


Averages  by  Tears, 


1892 

.44 

3.88 

1.18 

.0001 

.0131 

.0109  .0022 

.18 

.0072 

.0000 

0.9 

• 

1893* 

• 

• 

.50 

8.46 

1.38 

.0006 

.0147 

.01261 

.0021 

.18 

.0022 

.0001 

.49 

0.7 

. 

1894 

• 

. 

.46 

3.20 

1.14 

.0008 

.0187 

.0116 

.0022 

.18 

.0017 

.0000 

.44 

0.8 

. 

1896 

• 

• 

.52 

3.48 

1.45 

.0008 

.0179 

.0161 

.0018 

.19 

.OOM 

.0000  1.58 

0.9 

~ 

1896 

~ 

" 

.60 

3.82 

1.35 

.0016 

.0229 

.0203 

.0026 

.16 

1 

.0035 

.0000  .62     0.7 

*  Angnst  to  December. 

NoTB  to  analyata  of  1896 :  Odor,  Tegetable.  ——  The  saroplea  were  collected  from  the  river  at  a  high- 
way  bridge  about  1  milt  above  the  Hne  between  Sterling  and  Weat  Boylaton. 
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Chemical  Examination  of  Water  from  the  South  Branch  of  the  Nashua  Biver  above 

Clinton, 


[Parta  per  100,000.] 

1 

• 

1 

s 

5 

n 

Appbarahob. 

KB8IOUB  ON 

EVAFORA- 

TION. 

AMSfOaiA. 

1 

.16 

NiTROOBV 

Aa 

i 

a 

« 

1 

a 

1 

6 

a 
• 

9 

a 

1 

• 

1 

!l 
3 

1 

Albnmlnotd. 

i 
1 

i 

1 

• 

1 

i 

1 

• 

1^ 

i 

c 

1 

• 

a 

15842 

18116. 

Jan.  6 

Slight. 

Slight. 

.58 

8.75 

1.85 

.0006 

.0264 

.0248 

.0016 

.0090 

.0000 

.60 

1.8 

16169 
16536 

Mar.  2 
May  4 

Decided, 
clayey. 
Slight. 

Cods., 

earthy. 
Slight. 

.40 
.40 

2.60 
8.05 

0.90 
0.90 

.0042 
.0088 

.0218 
.0156 

.0154 
.0142 

.0064 
.0014 

.07 
.21 

.0080 
.0050 

.0000 
.0001 

.48 
.42 

0.6 
l.l 

16688 

May  27 

Slight. 

Slight. 

.86 

3.20 

1.00 

.0032 

.0152 

.0126 

.002G 

.19 

.0050 

.0001 

.84 

0.9 

16912 

July  1 

DiatlDot. 

Slight. 

.35 

8.00 

1.60 

.0018 

.0174 

.0186 

.0038 

.17 

.0020 

.0001 

- 

1.1 

17348 

Sept.  1 

SUght. 

V.aHght. 

.25 

4.05 

1.05 

.0018 

.0168 

.0136 

.0032 

.21 

.0020 

.0001 

.32 

1.3 

17541 
17762 

8ept.22 
Nov.  2 

Slight, 

milky. 
V.sUght. 

SUght. 
Slight. 

.46 
.63 

8.95 
4.00 

1.40 
1.70 

.0044 
.0006 

.0280 
.0160 

.0248 
.0188 

.0082 
.0022 

.26 
.26 

.0040 
.0050 

.0000 
.0001 

.58 
.70 

1.8 
1.3 

Averages  by  Tears, 


- 

1887* 

- 

. 

.58 

4.14 

1.24 

.0015 

.0216 

- 

.21 

.oon 

- 

. 

- 

- 

1888 

- 

- 

.82 

8.53 

1.06 

.0008 

.0151 

- 

- 

.18 

.0097 

.0001 

1 

- 

- 

- 

18891 

- 

- 

.24 

2.96 

0.87 

.0004 

.0168 

.0183 

.0030 

.18 

.0062 

.0002 

- 

- 

- 

1898t 

- 

- 

.41 

3.99 

1.42 

.0006 

.0158 

.0129 

.0029 

.28 

.0020 

.0001 

.46 

1.4 

- 

1894 

• 

- 

.44 

3.81 

1.27 

.0014 

.0154 

.0123 

.0031 

.25 

.0042 

.0000 

1 

.42 

1.1 

- 

1895 

- 

- 

.46 

4.00 

1.44 

.0017 

.0226 

.0189 

.0037 

.26 

.0090 

.0000 

1 

.58 

1.3 

- 

1896$ 

- 

- 

.48 

8.56 

1.87 

.0023 

.0199 

.0167 

.0082 

.18 

.0045.0000' 

1 

.49 

1.2 

*  Jane  to  Deoemher.  t  Janaary  to  May.  %  Angoet  to  December. 

S  Where  more  than  one  sample  waa  collected  in  a  month,  tlie  mean  analysis  for  that  month  lias  been 
need  in  making  the  average. 


Nora  to  analyses  of  1896:  Odor,  distinctly  vegetable,  occasionally  monldy.^^The  samples  were 
coUeeted  from  the  river  at  the  dam  of  the  Lancaster  Mannfaoturing  Company. 
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KASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Nashua  Biver^  just 
above  its  Confluence  with  the  North  Branch  at  Lancaster. 

[Parte  per  100,000.] 


g 

Appbabavcb. 

Rbsidub  ov 

EVAPORA- 

Ammokia. 

NiTBOOBK 
AS 

1 

1 

o 

2 

• 

TIOS. 

1  i 

'  i 

o 

1 

B 
o 

1 
I 

o 

1 

1 

1 

H 

Loss  on 
Ignition. 

i 

Albuminoid. 

■ 

s 

i 

1 

i 

t 

s 

O 

Sus- 
pended. 

■ 

S 

o 

5 

1SII6. 

- 

* 

1M40 

Jan. 28 

DlaUnct. 

Com. 

.85 

4.45 

1.50 

.0068 

.0168 

.0188 

.0030   .29 

.0220 

.0002 

.51 

1.8 

16009 

Feb.  19 

DiBtinct, 
milky. 

Slight. 

.42 

3.95 

1.60 

.0038 

.0180 

.0156 

.0024 

.16 

1 

.0180 

.0001 

.60 

0.9 

10288 

Mar.  18 

DlatlDct. 

Slight. 

.40 

8.40 

1.05 

.0010 

.0136 

.0122 

.0014 

.20 

) 

.0180 

.0002 

.40 

16465 

Apr.22 

Diatlocl. 

Slight. 

.50 

8.85 

1.45 

.0024 

.0158 

.0124 

.0034 

.15 

.0170 

.0001 

.58 

16648 

May  20 

Decided. 

Cons., 
rusty. 

.85 

5.10 

1.80 

.0056 

- 

- 

- 

.39 

.0080 

.0007 

.44 

16835 

Jtinel8 

Distinct, 
milky. 

Cons., 
brown. 

.58 

5.90 

2.10 

.0816 

.0842 

.0396 

.0046 

.42 

.0070 

.0017 

.44 

17045 

Jaly22 

Dlatinci. 

1 

Slight, 
earthy. 

.40 

4.75 

1.65 

.0290 

.0280 

.0182 

.0048 

.40 

.0050 

.0015 

.86 

17252 

Augl9 

Distinct. 

Slight. 

.40 

5.05 

1.45 

.0088 

.0198 

.0182 

.0016 

.54 

.0070 

.0006 

.46 

17489 

Sept.  16 

Distinct. 

Cons , 
earthy. 

.40 

4.75 

1.85 

.0078 

.0220 

.0144 

.0076 

.83 

.0080 

.0004 

.47 

17694 

Oct.  21 

Slight. 

Slight. 

.58 

5.45 

2.30 

.0042 

.0226 

.0216 

.0010 

.44 

.0160 

.0006 

.77 

17899 

NoT.18 

Distinct, 
rollky. 

Cons. 

.60 

5.80 

8.00 

.0024 

.0260 

.0180 

.0080 

.62 

.0170 

.0008 

.68 

18154 

Dee.  17 

Distinct, 
clayey. 

Slight. 

.50 

5.15 

1.60 

.0004 

.025S  .0242 

.0016 

.42 

.0180 

.0002 

.85 

Averages  by  Years, 


1888* 

- 

- 

.20 

4.91 

1.11 

.0264 

.0280 

18901 

- 

- 

.80 

4.68 

1.85 

.0162 

.0288 

189U 

- 

- 

.45 

6.01 

2.22 

.0141 

.0338 

1892S 

- 

- 

.43 

5.68 

1.65 

.0181 

.0267 

1894II 

- 

- 

.52 

6.31 

1.91 

.0532 

.0285 

1895 

- 

- 

.58 

4.66 

1.77 

.0167 

.0238 

1896 

- 

wm 

.46 

4.72 

1.69 

.0094 

.0216 

.0173 
.0213 
.0242 
.0214 
.0226 
.0185 
.0180 


.0057 

.88 

.0076 

.31 

.0096 

.80 

.0053 

.59 

.0076 

.57 

.0053 
.0036 

.34 
.35 

.0192  .0008 
.0104'. 0008 
.0003'.0008 


.0150 


.0006 


.0095.0017' 


.48 


.0114.0008  .61 


.58 


.0134.0006 


1.7 
1.6 
1.8 
1.8 
1.4 
1.6 


*  Four  samples  on  September  17. 
\  August  and  October. 
II  July  to  December. 


t  Four  sample*  In  July  and  August. 
{  August,  October  and  November. 


NoTS  to  analytea  of  1896 :  Odor,  generally  musty  and  sometimes  disagreeable;  In  August,  vegetable. 
-The  samples  were  eoUected  from  the  river  at  the  Atherton  bridge,  a  short  distance  above  lu  mouth. 
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STONY  BBOOK. 


Stony  Brook. 

Chemical  Examination  of  Water  from  Stony  Brook,  Boston. 

[Parto  per  100,000.] 


B 

a 


17092 
17284 


1 


JalySl 
Aiig.26 


Appbabaxos. 


•3 


S 


a 


Distinct, 

milky. 

V.  slight. 


Cons. 
Slight. 


.86 
.88 


Kbbidub  ok 

EVAPORA- 
TIOB. 


a 


a' 

o 


i 


a 


11.85 
12.90 


2.60 
8.70 


AKMOirxA. 


Albnmlnold. 


n 
& 


•8 

1. 


CO 


.0152 
.0080 


.0844 
.0178 


.0212 
.0142 


.0182 
.0088 


NiTBOOBV 

1 

AS 

1 

i 

i 

1 

s 

6 

1.68 

S 

g 

.080o'.OO6O 

1.88 

.0700 

.0050 

•8 


e 


.88 
.80 


5.0 
5.2 


Odor,  vegetBble  or  mnsty.— The  stmples  were  eollected  from  Stony  Brook  above  the  Forest  Hills 
railroad  station. 


Ware  River. 

Chemical  Examination  of  Water  from  Ware  River  at  Cold  Brook  Station,  Barre 

[Parts  per  100,000.] 


I 

8 

9 

as 


15889 
16166 
16522 
16011 
17331 
17784 


I 

I 


I 


1SII6. 

Jan.   6 

Mar.  2 

May  4 
July  1 
Sept.  1 
Not.  4 


Appbabamcb. 


I 


y.sugbt 

DiPtinot, 

clayey. 

V.  slight. 

SUght. 

Distinet. 

V.  slight. 


Slight. 

Oons., 

earthy. 
V.  Blight. 

Slight. 

Slight. 

V.  slight 


.90 
.43 
.72 
.70 
.70 
.90 


Kbsiodb  oh 
Evapora- 
tion. 

1 

4 

r 

8.60 

1.75 

2.80 

1.15 

2.80 

1.20 

8.25 

1.45 

8.76 

1.70 

8.96 

1.85 

Ammovia. 


Albuminoid. 


1 


si 

09 


.0000 
.0004 
.0000 
.0004 


.0194 
.0202 
.0176 
.0200 


.0004  .0218 
.0004*. 0196 


.0182 
.0162 
.0164 
.0184 
.0200 
.0178 


.0012 
.0060 
.0012 
.0016 
.0018 
.0020 


S 


.14 
.05 
.12 
.07 
.18 
.17 


NiTBOOBN 


I 


i 

•c 


.0070 
.0080 
.0050 
.0080 
.0080 
.0020 


.0000 
.0001 
.0000 
.0001 
.0000 
.0000 


§ 

m 

e 

& 

a 

I 

O 


.89 
.62 
.62 

.60 
.91 


0.6 
0.2 
0.8 
1.5 
0.9 
0.8 


Averages  by  Years. 


— 

1898* 

- 

- 

.78 

8.67 

1.67 

.0002 

.0188 

.0154 

.0084 

.18 

.0000 

.0000 

.79 

0.8 

- 

1894 

- 

- 

.74 

8.66 

1.47 

.0005 

.0179 

.0155 

.0024 

.14 

.0028 

.0000 

.68 

0.8 

- 

1895 

- 

- 

.78 

3.96 

1.70 

.0014 

.0219 

.0199 

.0020 

.17 

.0061 

.0000 

.79 

0.9 

- 

1896 

- 

- 

.72 

8.86 

1.52 

.0008 

.0198 

.oin 

.0021 

.11 

.0088 

.0000 

.73 

0.8 

*  Aognst,  NoTeml>er  and  December. 


NoTB  to  analyses  of  1896:  Odor,  distinctly  vegetable  and  mooldy. The  samples  were  collected 

from  the  river,  al  the  railroad  bridge,  near  Cold  Brook  station,  in  the  south-easterly  part  of  the  town  of 
Barre. 


SUMMARY 


07 


WATER  SUPPLY  STATISTICS; 


ALSO 


EECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 


[M7] 


SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


During  the  year  1896  a  public  water  supply  was  introduced  for 
the  first  time  into  the  towns  of  Hatfield,  Rutland,  Walpole,  Weston 
and  Winchendon,  and  a  new  supply  was  introduced  into  the  town  of 
Bradford  to  replace  the  former  supply  which  had  become  objection- 
able, owing  to  the  presence  of  an  excessive  amount  of  iron  in  the 
water.  The  following- table  gives  a  classification  by  population  of 
cities  and  towns  having  and  not  having  public  water  supplies  Dec. 
31,  1896.     The  populations  are  taken  from  the  census  of  1895  :  — 


POPDLATIOM 
(1899). 


Under  600, 

600-1,000, 

1,000-1,600, 

1,600-2,000, 

2,000-2,600, 

2,600-3,000, 

8,000-8,600, 

8,600-4,000, 

4,000-4,600, 

Above  4,600, , 

Totals, 


Number  of 
Places  of  OlTcn 

Population 
having  a  Pub- 
lic Water 
8upplj. 

Total 
Population  of 

Places 

In  Preceding 

Column. 

Number  of 

Places  of  Given 

Population 

not  having  a 

PubUc 
Water  Supply. 

Total 
Population  of 

Places 

In  Preceding 

Column. 

0 

0 

88 

13,287 

4 

8,801 

66 

42,608 

10 

11,912 

87 

46,881 

8 

18,826 

81 

63,661 

0 

10,000 

14 

81,074 

7 

10,807 

11 

29,624 

10 

82,616 

7 

22,600 

6 

18,219 

1 

8,660 

0 

80,008 

1 

4,066 

07 

2,080,810 

1 

6,030 

160 

2,248,461 

104 

261,732 

From  the  totals  given  in  the  preceding  table  it  will  be  seen  that 
of  the  353  cities  and  towns  in  the  State,  159,  or  45  per  cent.,  have 
a  public  water  supply,  and  the  total  population  of  the  places  sup- 
plied represents  89.93  per  cent,  of  the  total  population  of  the  State. 
The  number  of  people  to  whom  a  public  water  supply  is  available  is 
somewhat  less  than  the  total  population  of  the  municipalities  sup- 
plied, but  the  difference  is  not  large.     There  are  now  10  towns 
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having,  by  the  census  of  1895,  populations  exceeding  3,000  which 
are  not  provided  with  a  public  water  supply.  These  are  given  in 
the  following  table  :  — 


Towns. 

P(H>iiIatJon  In  ; 
IMS. 

TOWHS. 

Popolatlon  in 
1899. 

BUckatone,        ..... 
Baniiteble,        ..... 

North  Aodover 

Satton, 

Tewktbary 

0,080 
4,065 
8,500 
8,420 
8,870 

Pepperell, ...... 

Dadley, 

Ohelmtford, 

Dartmooth 

Deerfleld, 

8,821 
8,203 
8,102 
8,107 
8,007 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  was  first 
introduced  into  a  city  or  town:  — 


Prevloiu  to  1860, 
1850-1850,  inclariTe, 
1800-1800,  inolDilTe, 
1870-1879,  iDclailye, 
1880-1880,  InolodTe, 

1800,  .       .       . 

1801,  .       .       . 


Number  of 

Places 

•applied. 


0 

4 

10 

44 

88 
6 
6 


TSABS. 


Komb«r  of 

Placet 

■applied. 


1802,    .       . 
1808,    .       . 
1804,   . 
1806,    . 
1800,    .       . 
Total, 


1 
8 
8 

6 
5 
150 


There  has  been  no  change  in  the  ownership  of  any  of  the  works 
during  the  past  year.  All  of  the  32  cities  in  the  State  having  an 
aggregate  population  of  1,635,767  own  their  water  works.  Of  the 
127  towns  having  a  public  water  supply,  81,  with  a  total  population 
of  398,395,  own  their  works,  while  47,  having  a  total  population  of 
214,289,  are  supplied  by  private  companies.  The  total  population 
in  both  cities  and  towns  owning  works  is  2,034,162,  against  214,2^9 
in  those  supplied  by  private  companies.  The  following  table  gives 
statistics  with  regard  to  the  consumption  of  water  in  cities  and  towns 
of  this  State,  where  such  records  are  kept.  The  consumption  per 
inhabitant  has  been  obtained  by  dividing  the  average  daily  consump- 
tion by  the  total  population  of  the  city  in  1896,  and,  consequently, 
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is  somewhat  less  than  the  amount  used  per  consumer,  because  there 
are  in  all  cities  and  towns  some  who  do  not  use  the  public  water 
supply.  This  difference  is  most  marked  in  towns  containing  villages 
to  which  the  public  water  supply  has  not  been  extended,  and  in  towns 
where  the  works  have  been  in  operation  but  a  short  time  and  where 
water  has  not  come  into  general  use.  In  some  towns  the  population 
during  the  summer  months  is  much  greater  than  is  shown  by  census 
returns,  and  in  such  cases  the  consumption  per  inhabitant  as  given 
in  the  table  is  somewhat  higher  than  it  would  be  if  allowance  was 
made  for  the  increased  population  in  summer. 

SlcUiitics  relating  to  the  Consumption  of  Water  in  Various  Cities  and  Towns. 


Cm  OB  Towv. 

Popula- 
tion. 

Average 

DsUy 
Contamp- 

tlOQ. 

Dally 
Consump- 
tion per 
Inhabl- 
Unt. 

QTT  01  TOWH. 

Popnla- 

tlOQ. 

Aversfi^e 

Dally 
Consump- 
tion. 

Dslly 

Consump- 

tloii  per 

Inbabl- 

tant. 

1896. 

Gallons. 

Gallons. 

1888. 

Gallons. 

Gallons. 

1886. 

1896. 

1896. 

1896. 

AbfDctOD  and  Rock- 
land 

•,781 

871.000 

88 

Gardner, . 

9,884 

617,000 

66 

UiUU« 

Attleboroogh, 

8,480 

816,000 

88 

Glonoester,     • 

28,928 

776,000 

27 

Avon,      •       • 

1,074 

49.000 

29 

Grafton,  . 

6,121 

80,000 

16 

Ayer,       . 

2,0d2 

69,000 

88 

Holllston, 

2,788 

64,000 

20 

Beyerly,  . 

12,008 

874,000 

78 

Hopkinton,     . 

2,768 

83,000 

12 

Boston  (Cochltoaie 

481,700 

66,302,000 

117 

Hyde  Park,     . 

12,168 

636,000 

62 

Worka). 

Boston,  Somenrille, 

186,400 

11,962,000 

88 

Ipswiob,  .       . 

4.776 

74,000 

16 

Cbels«>a,    Bverett 

(Mystic  Worka). 
Bradford,        . 

Lawrence, 

63,666 

3.014,000 

66 

4,939 

866,000 

72 

w 

Lexington, 

8,558 

140,000 

89 

Bndntree, 

8,404. 

867,000 

68 

Longmeadow, 

622 

86,000 

68 

Bridgewater     and 
B.  Brldgewater. 

7,664 

168,000 

22 

Lowell,    .       . 

86,701 

6,938,000 

81 

Brockton, 

84,889 

1,087,000 

82 

Lynn  and  Saagns, . 

68,841 

4,689,000 

67 

Brookllne, 

16,976 

1,848,000 

79 

Maiden,  . 

81,048 

1,614,000 

49 

Cambridge,     .       • 

83,960 

6,638,000 

79 

Manchester,    . 

1,898 

168,000 

81 

Canton,    . 

4,660 

176,000 

88 

Mansfield,       .       . 

8,780 

127,000 

84 

Oohassct, 

2,479 

79,000 

82 

• 

Marblehead,   . 

7,666 

276.000 

86 

Cottage  City,  .       . 

1,030 

71,900 

70 

Marlborongh, . 

16,211 

648,000 

86 

Danvers, .       . 

8,320 

609,000 

72 

Maynard,        •       . 

8,168 

72,000 

28 

Dedham, .       •       • 

7,229 

600,000 

09 

w 

* 

Melrose,  .       • 

12,664 

777,700 

61 

Easton,    . 

4,444 

88,000 

19 

w 

Metbuen,        . 

6,866 

170,000 

29 

FUrhaven, 

8,422 

110,000 

82 

w 

Middleborongh, 

6,814 

211,000 

81 

Fall  River, 

92,164 

8,647,000 

88 

MUford,  .       .       . 

8,996 

640,000 

71 

Foxboroagii,  . 

8,276 

168,000 

48 

MUton,     . 

6,766 

149,000 

26 

Framingbam, . 

9,567 

876,000 

89 

Montague,      . 

6,010 

882,000 

64 

Franklin, 

6,197 

214,000 

41 

Nantucket, 

2,966 

84,000 

28 
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Statistics  relating  to  the  Consumption  of  Water  in  Various  Cities  und  Towns — 

Concluded. 


CiTT  OB  Tomr. 


Popola- 
tfon. 


Nfttick,    . 

Needham, 

New  Bedford, 

Newbaryport, 

Newton,  •       . 

No.  Atileborough, 

North  Brookfleld, 

Norwood, 

Oraoge,   . 

Peabody, 

ProvlnoetowD, 

Qalnoy,   . 

Randolph  and  Hoi 

brook. 
Beading, .       . 

Revere    and   Win 

throp. 
Rockport, 

Salem,     . 


8,753 
8,600 

68,165 

14,878 

28.282 
6,548 
4,788 
4,742 
5,610 

10,6n 
4,688 

21,510 
6,906 
4,848 

12,250 
6,620 

82,207 


Arerage 

Daily 

Contamp- 

tion. 

GalloQf. 

189«. 


Dally 
Coniomp' 
tlonper 
Inhabi- 
tant. 

Oaltoni. 

189«. 


408,000 
146,000 

5,260,000 
618,000 

1,812.000 
186,000 
182,000 
808,600 
160,000 
027,000 
01,000 

1,084,000 
287,000 
100,000 
086,000 
172,000 

2,207,000 


47 
40 
01 
42 
04 
28 
28 
66 
27 
88 
80 
48 
40 
41 
76 
81 
66 


ClTT  Ol  TOWV. 


Popnla- 
tlon. 

189«. 


Average 

Daily 
Consump- 
tion. 

Ckillonf. 

1896. 


Dally 

Contamp- 

tion  par 

Inhabl. 

tant. 

Oallona. 

1898. 


Sharon,    • 
Stonghton, 


Swampaeott    and 

Nahant. 
Tannton, . 


Tiabnry, . 


Wakefield    and 

Stoneham. 
Walpole, . 


Waltham, 
Ware,      . 


Wareham,  Onset 

Bay. 
Watertown  and 

Belmont. 
Webater, 


Wellesley, 
Weaton,  . 
Whitman, 
Wobnm,  • 
Woroeater, 


1,784 

42,000 

6,866 

247,000 

4,188 

414,000 

27,448 

1,170,000 

006 

24,000 

14,878 

688,000 

8,072 

60.000 

21,810 

1,622,000 

7.715 

282,000 

8,850 

12,000 

10.028 

682.000 

7.068 

288,000 

4,855 

108,600 

1,710 

24,000 

6,006 

281,000 

14,814 

1,026,000 

101,580 

6.126,000 

24 

46 
100 
48 
24 
46 
10 
72 
80 
86 
40 
20 
44 
14 
80 
72 
60 
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Eainfall. 

The  rainfall  for  the  year  1896  was  3.9  inches  less  than  the  normal, 
as  shown  by  an  average  of  the  recorded  rainfall  at  several  stations  in 
various  parts  of  the  State  covering  periods  of  many  years.  There 
was  an  excess  of  rainfall  only  in  the  months  of  February,  March  and 
September,  the  greatest  excess  being  in  September.  The  deficiency 
in  rainfall  was  distributed  throughout  the  remaining  months,  the 
greatest  deficiency  occurring  in  January,  April,  May,  August, 
November  and  December.  The  distribution  of  rainfall  was  such  as 
to  cause  a  low  flow  in  the  streams  in  August,  but  the  large  rainfall 
in  September  caused  the  flow  in  the  streams  during  the  months  of 
September  and  October  to 'be  above  the  normal.  In  the  following 
table  is  given  the  normal  rainfall  in  each  month  in  1896,  and  the  de- 
partures from  the  normal  :* — 


Normal 
Kalnfttll. 

Inches. 

Rainfall, 
1896. 

Inches. 

Excess  or 
Deficiency. 

Inches. 

Nomal 
RatnfaU. 

Inches. 

RalnfaU, 
1896. 

Inches. 

Excess  or 
Deficiency. 

Inches. 

1896. 

Janoary, 

February,    • 
Mareh, . 
April,  . 
May,    .       .       . 

8.88 
8.67 
4.00 
8.81 
8.66 
8.26 
8.87 

1.07 
4.86 
6.90 
1.41 
2.64 
2.96 
8.82 

-1.91 
+1.18 
+1.90 
—1.90 
—1.12 
—0.29 
—0.06 

1896. 

August, 

September, 
October,     . 
November, . 
December,  • 

Total,  . 

4.81 
8.87 
4.09 
4.08 
8.66 

2.68 
6.67 
8.60 
2.99 
1.76 

—1.68 
+3.80 
—0.49 
—1.04 
—1.80 

Jone,    • 
Joly,    . 

46.00 

41.10 

—3.90 

To  enable  the  conditions  preceding  the  collection  of  samples  of 
water  in  any  portion  of  the  State  to  be  understood,  the  following 
tables  are  presented,  which  give  the  daily  rainfall  in  inches  at  nine 
stations  scattered  throughout  the  State :  — 


•  This  and  subsequent  tables  of  rain&ll  have  been  prepared  from  the  records  of  the  New 
England  Weather  Service. 
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Daily  Rainfall  in  Inches  at  Nine  Plaees  in  Massachusetts,  Oeographically  selected. 


J»naar9r,  1896. 

Febmary,  1896. 

DAT 

or 
Mo:iTB. 

• 

1 

s 

JO 

a 

< 

•8 

• 

1 

3 
1 

JO 

Q 

1 

I 

1 

1 

• 

1 

DAT 

or 

HOMTH. 

• 

1 

5 

JO 

1 

t 

i 

1 

e 

i 

1 

1 

B 

a 

• 

1 

1.    .       . 

• 

- 

- 

- 

-■ 

- 

- 

- 

- 

1. .    . 

0.10 

0.680.48,0.44 

0.64 

« 

« 

0.680.70 

2,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2..       . 

- 

- 

- 

• 

- 

0.74 

0.86 

- 

- 

8.    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

0.06 

8..       . 

* 

« 

- 

- 

« 

- 

- 

« 

- 

4,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,.       . 

0.06 

« 

« 

- 

« 

« 

0.05 

« 

0.16 

6.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

6,.       . 

0.80 

« 

0.42 

- 

« 

« 

- 

« 

0.00 

6.    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,  •      «. 

1.35 

« 

8.06 

2.80 

2.57 

« 

0.16 

* 

« 

T.    .       . 

0.15 

0.16 

0.09 

0.19 

0.18 

0.09 

« 

« 

« 

7..       . 

- 

l.ll 

0.06 

- 

- 

2.69 

1.92 

2.86 

1.27 

8,    .       . 

- 

- 

- 

- 

- 

• 

0.11 

0.20 

0.16 

8.  .       . 

« 

« 

- 

- 

- 

- 

- 

- 

- 

».    .       . 

0.17 

« 

0.28 

« 

« 

• 

« 

« 

« 

9.  .       . 

0.16 

0.41 

0.84 

0.59 

0.48 

0.81 

• 

« 

0.88 

10,    .        . 

0.25 

0.18 

0.64 

0.62 

0.66 

0.41 

0.74 

1.80 

1.09 

10,  .        . 

- 

- 

- 

- 

- 

- 

0.47 

0.40 

- 

11.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,.       . 

- 

- 

- 

0.08 

- 

- 

- 

- 

0.04 

12.    .        . 

- 

0.01 

0.06 

0.08 

0.09 

0.06 

0.06 

- 

0.02 

12,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

0.78 

« 

0.66 

0.86 

0.46 

0.68 

« 

* 

♦. 

14.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,.        . 

- 

0.66 

- 

- 

- 

• 

0.66 

0.76 

0.96 

16,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16..       . 

- 

- 

- 

0.06 

0.12 

- 

0.20 

0.06 

0.02 

17,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  .       . 

* 

« 

- 

« 

0.10 

* 

« 

* 

0.08 

W,    .       . 

- 

0.09 

- 

« 

0.07 

- 

• 

« 

- 

19,  .       . 

0.05 

0.06 

0.88 

0.45 

0.80 

0.80 

0.18 

0.28 

0.2s 

20,    . 

- 

- 

- 

0.06 

- 

- 

0.06 

0.20 

0.11 

20,.       . 

- 

- 

- 

- 

- 

- 

- 

* 

- 

21,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

22,    .       . 

tm 

■- 

- 

- 

- 

- 

- 

- 

22,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

23,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,.       . 

- 

- 

- 

- 

- 

- 

- 

24.    .       . 

« 

« 

« 

« 

• 

• 

« 

« 

« 

24,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,    .       . 

0.85 

• 

1.46 

1.61 

0.81 

• 

1.66 

1.86 

0.76 

26,.       . 

• 

- 

- 

- 

- 

- 

- 

- 

- 

26,    . 

- 

0.48 

- 

0.08 

- 

« 

0.09 

0.02 

- 

2^.       . 

- 

- 

- 

- 

- 

- 

- 

27.    .       . 

- 

- 

- 

- 

1.06 

- 

- 

- 

27,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

28,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

28,.       . 

- 

• 

«» 

- 

- 

- 

- 

- 

- 

29,    .       . 
ftn 

- 

- 

- 

- 

- 

- 

- 

- 

^ 

29,.       . 

1.00 

2.00 

1.06 

1.68 

0.89 

t 

1.26 

1.24 

0.47 

81,    .        . 
Totals, 

0.02 

0.91 

2.87 

2.48 

2I0 

0.61 

2.71 

8.08 

2.19 

Totals, 

zTa 

4.77 

6.95 

6.85 

6.4» 

5.67 

6.64 

r^ 

4.88 

*  PreclpiUtioD  iDohided  in  that  of  following  day. 


t  1.00,  MtimaUd. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographicaily  selected 

—  Continued. 


IHarcb,  1896. 

April,  1896. 

DAT 
OF 

Month. 

o 
o 

i 

1 

< 

1 

• 

a 

• 

M 

e 

1 

2 

fa 

s 

s 
o 

S 

s 
5 

• 

§ 

• 

e 
o 

s 
a 

5 

• 

1 

« 

DAT 

OF 

MONTH. 

1 

1 

•< 

is 

s 

1 

• 

9 

% 

a 

S3 
33 

9 

i 

o 

i 
1 

1 

• 

1 

c 

1 

1 

1.    .       . 

- 

0.42 

0.94 

« 

• 

1.42 

« 

0.82 

- 

1..          . 

• 

• 

- 

- 

- 

- 

• 

- 

« 

2.    .       . 

- 

- 

0.30 

1.06 

1.73 

« 

0.57 

0.60 

- 

«.  .          . 

- 

0.47 

0.82 

0.52 

0.66 

0.61 

0.80 

0.72 

0.67 

8.    .       . 

- 

- 

0.11 

0.36 

« 

« 

0.94 

- 

1.56 

8..       . 

0.56 

- 

- 

- 

- 

- 

- 

- 

- 

4.    .       . 

- 

- 

0.10 

0.30 

0.10 

0.64 

- 

- 

t 

4,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6.    .       . 

- 

- 

- 

- 

- 

- 

0.17 

- 

0.10 

6..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«.    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7.    .       . 

0.80 

0.60 

0.68 

0.32 

0.82 

0.83 

- 

0.63 

0.84 

7..        . 

- 

- 

- 

0.08 

0.06 

- 

« 

« 

0.04 

8,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.       . 

- 

- 

- 

- 

- 

- 

0.08 

0.07 

- 

».    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«.  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    .        . 

« 

« 

* 

« 

« 

« 

• 

* 

• 

11,.       . 

- 

- 

- 

• 

- 

- 

- 

- 

- 

12,    .       . 

0.18 

0.60 

0.25 

0.79 

0.40 

0.80 

0.47 

0.65 

0.62 

12..       . 

- 

- 

- 

- 

- 

m 

- 

- 

- 

18.    . 

- 

- 

- 

- 

- 

- 

- 

- 

18,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

14..       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,    .        . 

* 

• 

• 

« 

• 

« 

« 

« 

• 

16,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    . 

0.80 

1.00 

« 

* 

• 

« 

0.47 

t.20 

« 

16,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,    .       . 

- 

- 

1.10 

1.12 

1.33 

0.80 

0.78 

0.26 

1.26 

17,.       . 

0.50 

- 

0.11 

• 

« 

• 

« 

0.14 

0.21 

18,    . 

- 

« 

- 

- 

- 

- 

- 

- 

- 

18,  .       . 

- 

- 

0.06 

0.66 

0.26 

0.06 

0.08 

- 

- 

M.    .        . 

« 

2.77 

1.17 

« 

• 

* 

- 

0.28 

* 

19,.       . 

0.16 

0.30 

0.29 

0.29 

0.4a 

0.10 

« 

- 

0.02 

20,     .        . 

2.60 

- 

0.10 

1.06 

0.66 

0.81 

- 

- 

0.12 

20,.        . 

- 

- 

- 

- 

- 

- 

0.12 

- 

- 

21,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

21.  .       . 

- 

« 

O.lOi    ♦ 

i 

• 

* 

• 

« 

- 

22,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,.       . 

0.20 

0.26 

0.17 

0.30 

0.32 

0.82 

0.86 

0.87 

0.29 

23,    .        . 

0.05 

0.03 

0.07 

0.02 

0.03 

- 

« 

« 

« 

28,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,    .        . 

- 

- 

- 

- 

- 

0.08 

0.22 

0.22 

24,.       . 

- 

- 

- 

- 

- 

- 

0.26 

- 

- 

25,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

m 

25,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,    .        . 

- 

0.12 

0.01 

- 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

- 

- 

- 

tm 

27,    .        . 

- 

- 

O.Ol 

- 

- 

- 

- 

- 

- 

27,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,    .        . 

0.80 

• 

0.87 

« 

« 

• 

* 

« 

« 

29,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80,    .        . 

0.16 

1.08 

0.16 

0.90 

0.96 

1.06 

1.06 

1.23 

1.62 

80,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Totals, 

5.286.52 

5.81 

6.915.68 

5.36 

4.49 

5.79 

6.82 

1 

Totals, 

1.40 

1.02 

1.06 

1.85 

l.721.09Jl.70 

1.80 

1.28 

*  PreelpltstioD  Ineloded  in  that  of  followtng  day. 
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Daily  Bainfall  in  Inches  at  Nine  Places  in  Massachusetts,  OeographicaUy  selected 

—  Continued. 


M»y,  1896. 

Jane,  1896. 

DAT 

or 

MOMTH. 

• 

1 

§ 
1 

< 

1 

1 

e 

33 

e 

i 

a 

e 
5 

1 

• 

1 

• 

1 

1 

1 

DAT 

or 
Month. 

• 

1 

a 
.J 

c 

1 

< 

s 

a 

1 

• 

a 

5 

1, 

i 

5 

• 

1 

a 
s 

a 

• 

1 

1,  .    . 

2,  .       . 

3,  .       . 

4,  .       . 

8.    .       . 
8,    .       . 

7,  .       . 

8,  .       . 

0.   .      . 

10,  .       . 

11,  .       . 

12,  .       . 

13,  .       . 

14,  .       . 

15,  .       . 
18,    .       . 

17,  .       . 

18,  .       . 
10,    .       . 
20,..       . 

• 

21.  .       . 

22,  .       . 
28,    .       . 

24,  .       . 

25,  .       . 

26,  .       . 

27,  .       . 

28,  •       . 
20.    .       . 

80,  .       . 

81.  .       . 
Totals, 

0.05 

0.20 
0.15 

0.20 

♦ 

MO 

• 

0.00 
2.60 

0.15 

0.04 

0.10 
0.03 

0.20 

0.73 
0.43 

0.78 
2.46 

0.02 
O.IO 

0.33 

0.55 
0.18 

0.72 
1.00 

0.04 
0.20 

0.02 
0.03 

0.64 
0.08 

0.14 

« 
0.02 

0.83 
2.00 

0.10 
0.03 

0.40 
0.05 

0.16 

* 
0.50 

0.52 

• 

0.04 

0.05 
0.16 

0.06 

0.53 

* 
0.45 

1.14 
2.43 

0.04 

0.12 
0.07 

0.84 
0.08 

0.24 

« 
0.62 

0.65 
2.16 

0.83 

0.70 
0.63 

0.38 

« 
0.88 

0.35 
3.22 

0.01 
0.17 

0.50 

* 
0.72 

0.27 

« 
0.00 

1.16 

8.82 

1..       . 
2,.       . 
3,.       . 

*.  .       . 

6,.        . 

6,.       . 
7,.       . 
8,.        . 

».  .        . 
10,.       . 

U,  .       . 

12,.       . 

13,.       . 

14,.       . 

15,.       . 

16,.       . 

17,.       . 

18,  .       . 

10,  .       . 

90,.       . 

21,  .       . 

22.  .       . 
28,.       . 
24,.       . 
25,.       . 
2^  .       . 
27,.       . 
28,.        . 
20,  .       . 
30,.       . 

Totals, 

0.40 
0.50 

0.85 
0.55 

0.15 
2.45 

0.20 
0.50 
0.04 
0.35 

0.56 

« 
0.37 

0.36 
2.46 

0.21 
0.30 

0.30 
0.01 

mm 

0.13 
0.22 

2.26 

0.70 
0.62 

« 
1.65 

0.07 

0.02 
0.06 

0.02 
8.14 

* 
0.70 
0.54 

« 
1.53 

0.02 

0.10 
t.9S 

* 
* 

0.60 

• 
0.63 

0.27 

r4o 

0.20 
0.02 
0.37 
0.31 

« 
1.54 

0.06 
2.60 

♦ 
0.05 
1.04 

0.03 

• 
1.40 

0.70 

• 
• 

1.68 
0.06 

« 
1.81 

O.Ol 
0.86 

*  PrseipiteUoD  inoloded  io  that  of  foUowIng  day. 
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Daily  BainfaU  in  Inches  at  Nine  Places  in  MctssachuseUs^  (hographicaUy  selected 

—  Continued. 


Jal7,  189«. 


DAT 
OF 

Month. 


I 

2 


i 


i 


I 


I 
3 


1.  . 

3.  . 
8.  . 

4,  . 
6,  . 
«.  . 

T.  . 

8,  . 

10,  . 

11,  . 

12,  . 
18,  . 

14,  . 

15,  . 
1«,  . 

IT,  . 

18,  . 

1»,  . 

20,  . 

21,  . 

«.  . 

28,  . 

24,  . 

28,  . 

28,  . 

27,  . 

28,  . 

20,  . 

80,  . 

81,  . 
Totals, 


1.00 


1.08 
0.05 


I 


I 

a 
m 


I 

« 


Anffasty  189C. 


DAT 

OF 

HOMTH. 


I 


0 


i 
I 


1. . 

2,. 
8.  . 


0.820.70 


1.00 


i 

a 


i 

I 


0.90 


0.820.00 


I 
g 


0.881.60 


1.00 
0.48 


0.20 

« 
1.48 


0.88 


0.50 


« 
0.42 

« 
0.22 


0.87 
0.57 


0.42 
0.51 


0.8210.22 


0.67 
0.01 


0.08 


0.20 


0.13 


^1  • 
6.  . 
«.  . 
7,. 
8.. 
0,. 
10,  . 

11,. 

12,. 
18,  . 
14,. 

15,  . 

16,  . 
IT,  . 
18,  . 
10,. 
20,. 

21,  . 

22,  . 

23,  . 
24.. 

25,  . 

26,  # 
27,. 
28',. 
20,  . 
30,  . 
81,  . 

TOTALl, 


0.20 


0.14 
0.28 


0.15 
0.48 
0.10 


« 
1.28 


0.15 
0.81 


o.n 


0.06 


0.47 
0.14 

0.28 
0.01 


0.78 
0.80 


« 
0.08 


0.06 


0.17 


0.04 


0.85 
0.20 


0.66 
0.02 


0.21 


0.26 
0.24 


0.03 


0.10 


0.20 


0.15 


0.01 
0.11 

0.88 


0.17 


0.20 


0.2$ 


0.22 


0.75 

0.08 
0.22  0.01 


0.05 


0.06 


« 
0.80 


0.48 


0.15 


0.02 


0.84 

« 
0.08 
.08 
0.08 


0.05 


0.00 
0.01 


0.05 
0.02 


0.88 


0.18 


0.070. 
0.08 


0.40 


0.50 
0.80 


0.82 
0.12 


0.160.20 


0.40 


0.45 


0.14 
0.25 
0.27 


0.00 
0.18 
0.50 


0.12 


0.18 


0.50 


0.60 


0.200.03 


0.01 


0.08 


0.08 


0.83 


0.21 


0.00 


0.06 


0.14 

* 

0.12 


0.02 

0.15 

« 

0.17 


0.15 
0.05 
0.10 


0. 
0. 


16!0 


430 


0.08 
.20 
.33 


0.10 

« 

0.10 


0.68 


0.87 


0.32 


0.26 


0.10 


0.13 


0.05 


0.13 


0.08 


0.13 
0.11 


0.25 


810 


0.030.80 


0.050.09 

0.100. 

0.030.25 


120 


0.02 


0.08 
.00 
0.08 


0.28 


0.75 


0.55 
0.05 


0.22 


0.141 


0.12 


0.00 
0.15 


0.10 
0.16 


0.27 
0.08 


0.14 


5.78 


5.67 


2.57 


2.14 


8.00 


8.82 


2.78 


1.58 


0.15 


0.46 


0.07 


2.58 


1.82 


8.50 


2.20 


0.08 


0.060.05 


2.742.74 


0.06 


2.602.87.8.37 


0.00 
8.58 


*  PreeipiUtioD  inolodtd  in  that  of  following  <Uy. 
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Dadly  SainfaU  in  Inches  cU  Nine  Places  in  MassachuseUs,  OeographicaUy  selected 

—  Continaed. 


19»«. 


DAT 

or 
MomL 


1. 

% 
t* 
4, 
ft. 
«. 

10, 

la. 

13, 
14, 
15, 

1«. 

17. 
18. 
M, 
20, 

21. 
22, 

28, 
24, 
25. 
28, 
27, 
28, 
20, 
80, 


o 


5 
I 


t 


a 

« 

IT 

3 

e 

Eh 


8 

a 


3 


a 


10.460. 

-  0.03 
1.60 


27(0 


.40 

0.00 
0.01 
0.602.802.07 


0.44] 

« 

8.04] 


0.48'0.70     • 
0.47 


1.07 


a.n 


3.64 

0.08 


0.07 

« 
0.04 


0.66 

« 

0.43 


Oet^ker,  \9m%. 


DAT 

OF 

MOSTB. 


• 

a 

• 
a 

• 

1 

•9 

9 

1 

S 

i 

0 

1 

• 

1 

s 
s 

0 

•9 

£ 

£ 

S 

2 

1 

•E 


1.  . 

2,  . 
8,. 
4.  . 
8,. 
8.  . 
7,. 
8.. 


0.16 

0.060.U 

0.060.20 


-  0.21 


-       • 


0.100.00)0.081    - 
.02^    - 


0 

0.00'    ♦ 
0.700.87.0. 

o.u'o.os 

0.060.07 


420 


L47 


0.030.01 


-  0.13<0.060.0S 


0.27 


0.020.000.20 


-  <).18 


0.860.66 
-  0.01 


0.100.28 


0.02 
0.70 


1.27 


2.47 


1.02 
0.11 


1.788.74 


8.04 


0.02 


0,  . 

10,  . 

11.  . 
12,. 


0.07 


0.26 
0.00     - 


0.28 


0.480.08 


0.21 
0.620.16 


-  0.06 


18,  . 

14.. 

16.  . 
16,  . 


100 


1. 

« 

0.16 
0.06 


.98 
0.02 
0.22 


1.46 


1. 11 
0.07 
0.270.68 


« 
1.27 

0.61 


* 

0.00 
0.17 


0.06 
0.68 


0.76 


0.68 


0.02 

0.67 
0.40 


0.0010.48 


1.27 


0.20 


1.86 
0.06 

0.22 


0.08 

1.48 
0.08 

0.16 


0.17 


1.18 


0.07 


1.14 


0.00 


0.07 


0.04 


1.81 


-  0.82 


0.01 

* 

0.68 
0.41 


1.86 


0.14 


-  0.24 


0.14 
1.07 

o.n 

0.22 


17,. 

18,  . 

19,  . 
20,. 

21,. 
22.. 
23,. 


0.07 


24,. 
26,. 

26,  . 

27,  . 

28,  . 


0.26 

« 
0.86 


* 
0.80 

0.02 

* 

0.21 

* 
0.76 


0.100.08  0.14 


0.060.04 


0.06 
0.48 


1.06 


0.18 


0.08 


0.08 


1.02 


0.821.18 
0.01 


1.12 


0.00 

* 
1.68 


0.86 


0.62 


1.17 


0.92 


0.830.860.680.77 


Totals, 


6.27 


6.17 


6.69 


7.30 


0.62 


7.16  6.92)6. 66,9.21 


7.76 


20,  . 

80,  . 

81,  . 
Totals, 


0.01 
0.080.06 


0.08 


0.06 


3.68 


0.06     - 


0.02 


-  0.08 


-  0.02 


3.88  2.92,8.84!8.49  2.66  8.29 


3.86 


8.46 


*  PreolpitetloD  Indaded  io  thftt  of  following  day. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected 

—  Concluded. 


NoTember,  1896. 

I>^«^nib€>r,  1896. 

• 

1 

1 
1 

< 

1 

•8 

g 

a 

< 

1 
1 

1 

i 

1 

1 

1 

1 
1 

1 

• 

* 

3 

1 
1 

< 

1 

60 

• 

1 

• 

5 

• 

• 

I 

1 

• 

1 

1.     . 

- 

- 

- 

- 

- 

- 

- 

• 

- 

1.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2.    . 

- 

- 

- 

- 

- 

- 

- 

- 

♦ 

8,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.    . 

- 

- 

- 

- 

- 

- 

- 

- 

0.06 

4.    . 

- 

* 

- 

• 

- 

« 

- 

- 

- 

4.    . 

- 

- 

- 

0.06 

- 

0.06 

- 

- 

« 

6.    . 

1.061.26 

1.60 

1.08 

1.06 

0.87 

* 

- 

* 

6.    . 

- 

- 

- 

- 

0.03 

- 

- 

- 

0.16 

«.    . 

- 

- 

0.06 

- 

- 

- 

1.10 

1.80 

1.19 

6.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,    . 

- 

0.08 

- 

0.14 

0.60 

0.17 

0.68 

0.71 

* 

8.    . 

0.96 

* 

0.08 

« 

* 

« 

- 

* 

* 

».    . 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

0.  . 

0.16 

0.64 

1.03 

1.01 

0.98 

1.21 

1.14 

0.82 

1.18 

10,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    . 

0.08 

0.16 

0.10 

0.09 

0.06 

0.11 

- 

0.15 

0.05 

11.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,    . 

- 

- 

- 

- 

0.08 

- 

- 

0.06 

0.18 

12.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

0.16 

« 

« 

« 

* 

0.08 

13.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    . 

- 

- 

- 

- 

0.82 

0.87 

0.68 

0.17 

0.12 

14.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.   . 

- 

- 

- 

* 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.    . 

- 

0.08 

0.88 

0.78 

0.47 

0.40 

0.68 

1.26 

« 

17,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17.    . 

- 

- 

- 

- 

- 

- 

- 

- 

1.40 

18.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

- 

0.02 

- 

0.08   0.12 

0.04 

0.03 

0.09 

« 

19,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10.   . 

- 

■    - 

- 

- 

- 

- 

- 

- 

0.08 

20.    . 

- 

- 

- 

- 

- 

- 

mm 

- 

- 

20,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21.    . 

0.30 

« 

0.89 

« 

• 

• 

« 

« 

* 

21.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22.    . 

- 

0.27 

- 

0.89 

0.48 

0.88 

0.88 

0.60 

0.30 

22.    . 

« 

• 

- 

- 

« 

- 

- 

« 

« 

28,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,    . 

0.26 

0.18 

0.20 

0.30 

0.80 

0.04 

0.22 

1.14 

0.87 

24.    . 

0.06 

- 

0.01 

0.05 

0.08 

- 

- 

- 

- 

24,    . 

- 

- 

- 

• 

- 

- 

mm 

- 

- 

2ft.    . 

0.06 

0.68 

- 

• 

- 

- 

« 

* 

- 

26.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

SO,    • 

0.26 

- 

0.32 

0.80 

0.80 

* 

0.46 

0.07 

0.03 

26.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,    . 

- 

- 

- 

- 

- 

0.46 

- 

- 

- 

27.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,    . 

« 

0.42 

0.09 

« 

* 

« 

« 

- 

% 

28.    . 

- 

«• 

- 

- 

- 

- 

- 

- 

- 

20.    . 

0.47 

0.12 

0.28  0.60  0.66  0.33'o.68 

- 

0.58 

29.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80.    . 

0.10 

- 

0.060.22  0.28  0.180.21 

1        1        1 

0.82 

0.35 

30.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot., 

2.86 

2.87  3.00  2.92  8.61 2.81 8.98*3.87  2.93 

1                        1        1 

Tot.. 

1.35 

0.87 

1.69 

2.17 

1.89 

1.74 

1.97 

3.30 

3.68 

Totals  fob  thb  Tkar,  .... 

•              • 

36.0441.10  39.89 

43.28 

42.22 

36.68 

40.18 

47.91 

46.15 

*  Predpitetlon  incladed  in  that  of  following  day. 
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Flow  op  Streams. 

The  records  of  the  flow  of  the  Sudbury  River  for  1896  indicate 
that  the  flow  of  the  streams  of  the  State  was  slightly  less  than  the 
average  for  the  past  twenty-two  years.  In  order  to  show  the  rela- 
tion between  the  flow  of  the  Sudbury  River  during  each  month  of 
1896  and  the  normal  flow  of  the  same  river,  as  deduced  from  obser- 
vations covering  a  period  of  twenty-two  years,  from  1875  to  1896 
inclusive,  the  following  table  has  been  prepared.  The  area  of  the 
watershed  of  the  Sudbury  River  above  the  point  where  its  flow  was 
measured  is  75.2  square  miles. 


Table  showing  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1896,  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures 
from  the  Normal  Flow, 


MONTH. 


NoBMAL  Flow. 

Cable  Feet  per 

Second  per 

Square  Mile. 


AOTDAL  Flow 
IN  189«. 

Cable  Feet  per 

Second  per 

Sqnare  Mile. 


EX0B88  OB  DK« 
FIOISMOT. 

Cnblo  Feet  per 

Second  pw 

Square  Mile. 


January, . 
Febrnary, 
March,     . 
April,      .       . 
May, 
June, 
July, 
August,   . 
September,     . 
October,  . 
Koyember, 
December, 

AVXRAQB, 


1.865 
2.914 
4.442 
8.138 
1.721 
0.728 
0.283 
0.426 
0.380 
0.846 
1.460 
1.670 


1.641 


1.676 
4.140 
6.031 
2.312 
0.666 
0.617 
0.147 
0.088 
0.6W 
0.016 
1.019 
1.016 


1.677 


—0.180 
+1.226 
4-1-480 
—0.826 
—1.166 
—0.100 
—0.186 
—0.838 
+0.210 
+O.060 
-0.481 
—0.664 


—0.064 


The  next  table  shows  the  weekly  fluctuations  during  1896  in  the 
flow  of  the  two  streams  most  carefully  measured,  natnely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  the  other  streams 
in  eastern  Massachusetts. 
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Si'DMJsr 

8cn>B17BT 

MjnOQMACK 

Kirn. 

BiTsa. 

Bimu 

RITBB. 

WSEK  BVDfVa  SVVPAT. 

CoMeFMt 

CuMeFeet 

WsEK  mmmMQ  Sumvmy, 

CnbicFeet 

CobkFMt 

*••••                        sSomA 

jper  ^ 

!«••. 

per 
Seoood 

per 
Seeood 

:p-JS-" 

^^iST" 

perSqiun 

per^o^e 

Jan.   6,     .       .       .       . 

2.713 

1 

2.961 

Jnlj  6,    .       .       .       . 

—0.088 

0.890 

w. 

1.2M 

1        1.869 

12,    .       . 

0.152 

0.468 

». 

1.064 

1.118 

19.    . 

0.487 

0.416 

25,      . 

1.832 

0.909 

26,    .       . 

0.182 

0.461 

F«b.   2,      < 

2.278 

0.798 

Aof .  2,    . 

0.096 

0.456 

».      . 

«.8«2 

2.494 

8.    .       . 

0.289 

0.484 

M.      . 

8.700 

2.864      1 

16,    . 

0.009 

0.488 

a,     , 

1.830 

1.S09 

28,    .       . 

0.004 

0.898 

Mar.  1,      . 

4.481 

1.618 

80,    .        < 

0.026 

0.418 

«.      . 

9.M0 

8.471 

S^pi.  6,    • 

0.248 

0.889 

w,    . 

8.067 

2.676 

18,    . 

1.000 

0.846 

a.    . 

8.486 

8.177 

20,    .        , 

0.608 

0.660 

».    . 

4.742 

4.160 

27,    .        . 

0.387 

0.770 

Apr.  6,      . 

8.186 

4.666 

Oct.    4,    . 

0.401 

0.608 

M.      . 

2.861 

2.961 

11,    . 

0.589 

0.718 

w.    . 

1.962 

6.487 

>           18,    .        . 

1.287 

1.812 

M,      . 

1.717 

8.881 

1           26,    .        . 

1.075 

1.518 

Ifo7    3.      . 

0.007 

1.867 

Not.  1,    . 

0.966 

1.250 

10,     . 

0.607 

i.2n 

1             8.    .       . 

1.149 

1.862 

17,      , 

0.860 

0.912 

1            15,    .        . 

1.069 

1.696 

u,     . 

0.488 

0.677 

22,    .        . 

0.647 

1.016 

81,      , 

0.666 

0.730 

29,    .        . 

1.074 

1.161 

JOIM  7, 

0.476 

0.886 

)  Dm.  6,    . 

1.102 

1.268 

14.      . 

0.776 

0.917 

18,    . 

1.563 

1.269 

«,      . 

1.383 

0.748 

20,    .       , 

0.998 

0.887 

»,      . 

o.2n 

0.584 

,           27,    .        . 

0.788 

0.648 

In  the  report  for  the  year  1895  the  weekly  flow  of  the  Sudbury 
River  was  incorrectly  given.  The  following  table  gives  the  corrected 
figures  for  that  year :  — 


WBSK  BlIOISO  SUVDAT. 
1S»5. 


Flow  of 
SuDBUKT  Rites,  j  ^ 

Cnbic  Feet 

per  Second  per 

Square  Mile. 


Jan.    6, 
13. 

27, 

Feb.    3, 

10. 

17, 

24, 

Ifor.  8, 

10, 

IT, 

24, 

81. 

Apr.  7. 

14. 
21. 

28, 

12. 
10, 
26, 
JmM  2, 
0. 
1^ 
28, 
30. 


0.586 
2.000 
1.960 
1.6&8 
1.385 
1.000 
0.801 
0.729 
1.001 
2.458 
6.818 
8.146 
4.072 
2.863 
4.144 
6.878 
2.880 
1.682 
1.080 
1.230 
0.706 
0.673 
0.490 
0.407 
—0.447 
0.527 


mmQ  flUVDAT. 


Flow  of 
SuDSUiT  RnmL 

CnbicFeet 

per  Second  per 

Square  MUb. 


July    7 

14. 

21 

28 

Aug.   4, 

11 

18, 

25. 

Sept.  1, 

«, 

1«. 

22, 

29. 

Oct.     6 

18 

20, 

27, 

aOW»    8,  .         .  .         .         . 

10 

17, 

24 

UwOm        *t  »  *  *  *  .  * 

8, 

W 

22 

29 


0.807 
0.804 
0.206 
0.161 
0.767 
0.487 
0.101 
0.606 
0.213 
0.068 
0.245 
0.136 
0.061 
0.120 
0.561 
6.223 
1.266 
2.366 
2.704 
8.544 
5.330 
5.564 
3.487 
1.969 
2.117 
3.321 
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In  the  annual  report  of  the  State  Board  of  Health  for  the  year 
1890,  pages  338  to  340,  a  table  taken  from  the  annual  reports  of  the 
Boston  Water  Board  was  printed,  giving  the  records  of  rainfall  upon 
the  Sudbury  watershed,  and  its  total  yield  expressed  in  inches  in 
depth  on  the  watershed  (inches  of  rainfall  collected)  for  the  sixteen 
years  from  1875  to  1890  inclusive.  The  corresponding  records  for 
the  years  1891  to  1895  inclusive  were  given  in  the  annual  report  in 
1895,  page  430.  In  the  following  table  is  given  the  record  for  1896, 
together  with  the  average  of  the  records  for  the  whole  twenty-two 
years :  — 


Rainfall  received  and  collected  on  the  Sudbury  River  Watershed, 

Month. 

1896. 

Mbah  roB  22  Tbam, 
187a^l896. 

RalnfUl. 

RaiDfliU 
collected. 

Per  Cent 
collected. 

RalnfalL 

RainfUl 
collected. 

Per  Cent 

collected. 

January,   . 

2.800 

1.088 

80.88 

4.287 

2.151 

60.n 

Febniary, . 

7.180 

4.466 

62.20 

4.275 

8.066 

71.70 

March, 

6.235 

6.841 

180.68 

4.414 

6.121 

116.02 

AprU,        ; 

1.670 

2.670 

164.27 

8.260 

3.501 

'  107.42 

May,  .       . 

2.576 

0.641 

24.80 

8.877 

1.084 

68.76 

Jane, . 

8.220 

0.680 

21.40 

2.001 

0.810 

27.02 

July, . 

2.510 

0.170 

6.77 

8.707 

0.827 

8.82 

Aagoat,     • 

2.806 

0.102 

4.26 

4.126 

0.401 

11.00 

September, 

7.720 

0.660 

8.67 

8.242 

0.426 

18.11 

October,    . 

8.766 

1.056 

28.02 

4.521 

0.075 

21.67 

NoTember, 

8.020 

1.187 

87.66 

4.085 

1.618 

80.61 

December, 

2.125 

1.171 

65.11 

8.605 

1.820 

60.40 

Totala  and  i 

kvera 

«e«, 

48.706 

21.458 

40.00 

46.748 

22.288 

48.72 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made,  and  the  absence  of  abnormal  conditions  which  would  unfavor- 
ably affect  the  results.  It  is,  therefore,  thought  advisable  to  pub- 
lish in  the  following  table  those  portions  of  the  records  relating  to 
the  yield  of  this  watershed  for  each  of  the  twenty-two  years,  and  in 
doing  so  the  flow  from  the  watershed  is  expressed  in  gallons  per  day 
per  square  mile  instead  of  inches,  and  the  depth  of  rainfall  collected, 
in  order  to  render  the  table  more  convenient  for  use  in  estimating 
the  probable  yield  of  other  watersheds. 


No.  34.] 
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Yield  of  the  Sudbury  River  Watershed  in  OalUms  per  Day  per  Square  MUe.* 


Month. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1889. 

January, 
February,    . 
March, 
April,  . 
May,    . 
June,   . 
July,    . 
Auguat, 
September, . 
October, 
November, 
December,  . 

103,000 

1,496,000 

1,604,000 

3,049,000 

1,188,000 

870,000 

321,000 

896,000 

207,000 

646,000 

1,302,000 

684,000 

648,000 

1,368,000 

4,436,000 

3,292,000 

1,139,000 

222,000 

183,000 

406,000 

184,000 

234,000 

1,088,000 

464,000 

668,000 

949,000 

4,813,000 

2,804,000 

1,391,000 

697,000 

202,000 

121.000 

60,000 

682,000 

1,418,000 

1,289,000 

1,810,000 

2,466,000 

8,607,000 

1,626,000 

1.894,000 

606,000 

128,000 

476,000 

160,000 

616,000 

1,608,000 

8,177,000 

700,000 

1,711,000 

2.380.000 

3,116,000 

1,114,000 

413,000 

168,000 

396,000 

141,000 

71,000 

206,000 

462,000 

1,121,000 

1,787,000 

1,874,000 

1,168,000 

614,000 

176,000 

177,000 

119,000 

80,000 

101,000 

206,000 

176,000 

416,000 

1,646,000 

4,004,000 

1,646,000 

966,000 

1,888,000 

276,000 

148,000 

197,000 

186,000 

896,000 

776,000 

1,241,000 

2,408,000 

2,889,000 

867,000 

1,292,000 

629.000 

86,000 

66,000 

806,000 

299,000 

210,000 

814,000 

Average  t 
Av.fordrl 

or  w] 
eatal 

bole 
izmo 

year, 
»ntha. 

972,000 
674,000 

1,136,000 
884,000 

1,214,000 
602,000 

1,462,000 
682,000 

894,000 
280,000 

678,000 
148,000 

979,000 
380,000 

802,000 
211,000 

MOHTH. 

1888. 

1884. 

188S. 

1886. 

1887. 

1888. 

1889. 

1890. 

January, 
February*    . 
March, 
April,  . 
May,    .       , 
June,   . 
July,    . 
Auguat, 
September, . 
October, 
November,  . 
December,  . 

836,000 

1,088,000 

1,611,000 

1,360,000 

938,000 

800,000 

116,000 

78,000 

91,000 

186,000 

206,000 

193,000 

996,000 

2,842,000 

8,786,000 

2,868,000 

1,080,000 

417,000 

224,000 

267,000 

44,000 

88,000 

176,000 

926,000 

1,236,000 

1,364,000 

1,672,000 

1,816,000 

1,336,000 

426,000 

62,000 

240,000 

121,000 

336,000 

1,178,000 

1,174,000 

901,000 

391,000 

1,461,000 

4,800,000 

2,060,000 

1,947,000 

720,000 

203,000 

116,000 

94,000 

118.000 

146,000 

673,000 

1,020,000 

1,087,000 

223,000 

2,689,000 

2,829,000 

2,868,000 

2.620,000 

1,009,000 

414,000 

114,000 

214,000 

111,000 

190.000 

868,000 

643,000 

1,068,000 

1,961,000 

3,287,000 

2,646,000 

1,632,000 

422,000 

117,000 

380,000 

1,166,000 

1,999,000 

2,768,000 

3,048,000 

2,782,000 

1,196,000 

1,389,000 

1,410,000 

880,000 

663,000 

633,000 

1,432,000 

824,000 

1,230,000 

1,941,000 

2,241,000 

1,264,000 

1,629,000 

8,648,000 

1,876,000 

1,366,000 

668,000 

108,000 

182,000 

468,000 

2,272,000 

1,216,000 

997,000 

Average  f < 
Av.fordrl 

[>r  wl 
eatal 

tiole 
jcmo 

year, 
ntha. 

683,000 
146,000 

1,129,000 
200,000 

1,164,000 
234,000 

1,697,000 
963,000 

1,388,000 
944,000 

1,286,000 
747,000 

Month. 

1891. 

1898. 

1898. 

1894. 

1895. 

1896. 

Mean  for  22 

Tears, 
1875-1896, 

Inclailve. 

January, 
February,   . 
March, 
April,  . 
May,    . 
June,   . 
July,    . 
Auguat, 
September, . 
October, 
November, . 
December, 

8,018,000 

3,486,000 

4,463,000 

2,397,000 

682,000 

414,000 

149,000 

163,000 

203,000 

210,000 

806,000 

644,000 

1,870,000 
948,000 

1,966,000 
871,000 

1,269,000 
428,000 
214,000 
280,000 
229,000 
126,000 
697,000 
486,000 

433,000 

1,642,000 

3,246,000 

2,126,000 

2,883,000 

440,000 

168,000 

181,000 

108,000 

221,000 

819,000 

797,000 

693,000 
991,000 
2,238,000 
1,640,000 
840,000 
419,000 
161,000 
209,000 
160,000 
374,000 
836,000 
716,000 

1,034,000 

641,000 

2,410,000 

2,616,000 

636,000 

174,000 

281,000 

229,000 

89,000 

1,379,000 

2,7n,000 

1,782,000 

1,084,000 

2,676.000 

8,836,000 

1,494,000 

360,000 

399,000 

96,000 

67,000 

388,000 

692,000 

669,000 

667,000 

1,206,000 

1,880,000 

2,871,000 

2,028,000 

1,112,000 

469,000 

188,000 

276,000 

247,000 

647,000 

937,000 

1,020,000 

Average  f 
Av.fordrl 

or  wl 

estal 

tioIe 
[zmc 

year, 
»ntha. 

1,316,000 
289,000 

781,000 
827,000 

1,037,000 
237,000 

770,000 
866,000 

1,162,000 
466,000 

1,019,000 
814,000 

1,060,000 
894,000 

*  The  area  of  the  Sudbury  River  waterahed  uaed  in  making  up  theae  records  included  water  sur- 
faces amounting  to  about  1  per  cent,  of  the  whole  area,  from  1876  to  1878  inclusive,  and  aubeeqnently 
increaaing  by  the  conatmction  of  atorage  reservoira  to  about  3  per  cent,  in  1886.  The  waterahed  alao 
cootalna  extenaive  areaa  of  awampy  land,  which,  though  covered  with  water  at  timea,  are  not  included 
m  the  above  peroentagea  of  water  aurfacea. 
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EXPERIMENTS  UPON  THE  PUEIFIOATION  OF  SEWAGE  AND 
WATER  AT  THE  UWRENOE  EXPERIMENT  STATION.* 


By  Harry  W.  Clark,  Chemist  in  Charge. 


The  year  1896  is  the  ninth  that  the  investigations  of  the  Lawrence 
Experiment  Station  have  been  continued.  The  work  has  been  carried 
on  under  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E.,  a 
member  of  the  State  Board  of  Health,  with  the  writer  in  direct 
charge.  Mr.  W.  R.  Copeland  is  in  charge  of  the  biological  depart- 
ment and  Mr.  F.  B.  Forbes  is  assistant  chemist.  Mr.  E.  F.  Badger 
and  Mr.  S.  De  M.  Gage  are  assistants  in  the  chemical  and  biological 
departments  respectively.  Dr.  Thomas  M.  Drown  is  consulting 
chemist. 

Sewage  Purification. 

The  investigations  upon  the  subjects  of  sewage  and  water  purifi- 
cation have,  during  1896,  added  much  valuable  data  to  the  store  of 
information  which  the  Board  has  been  accumulating  during  the  past 
nine  years. 

The  principal  sewage  filters  which  were  constructed  at  the  begin- 
ning of  these  investigations  have  been  in  operation  during  the  past 
year.  The  continued  systematic  analyses  of  the  applied  sewage  and 
effluents,  occasional  analyses  of  the  filtering  materials  themselves, 
and  the  various  observations  in  regard  to  their  method  of  operation 
add  continually  to  our  knowledge  of  the  permanency  of  sewage  filters 
of  different  materials,  and  of  the  best  means  to  maintain  this  per- 
manency under  different  conditions.  A  number  of  new  experiments 
have  been  begun  for  the  purpose  of  gaining  information  upon  sub- 
jects  of  increasing  importance  in  sewage  disposal,  including  the 
proper  and  economical  disposition  of  the  waste  liquors  or  sewage 

*  A  fall  acconnt  of  the  work  done  at  tbe  Lawrence  Experiment  Station  for  the  years  1888 
and  1889  Is  contained  in  a  special  report  of  the  State  Board  of  Health  npon  the  Purification  of 
Sewage  and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  is  contained  in  the 
twenty-third  annual  report  of  the  Board  for  the  year  1891.  Since  1891  the  results  have  been 
published  yearly  In  the  annual  reports. 
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from  those  manufacturing  industries  in  the  State  which  pollute  or 
threaten  to  pollute  our  rivers  and  ponds. 

In  connection  with  the  study  of  permanency,  investigations  of 
different  methods  of  separating  the  sludge  of  the  sewage  from  the 
main  body  of  the  liquid,  and  thus  disposing  of  the  clogging  matters 
which  tend  to  shorten  the  life  of  sewage  filters,  have  been  continued. 

Methods  for  hastening  and  increasing  the  purifying  action  of  filters 
by  different  means  of  increasing  the  air  supply  are  of  considerable 
scientific  and  practical  interest,  and  experiments  on  these  subjects 
have  been  continued  throughout  the  year. 

In  addition  to  the  chemical  and  mechanical  examinations  of  filter- 
ing materials  in  use  at  the  station,  a  large  number  of  soils  and  sands 
from  the  following  places  have  been  examined  during  the  year,  either 
in  connection  with  applications  made  to  the  Board  for  advice  with 
reference  to  sewerage  systems  and  water  supplies  or  in  connection 
with  the  Neponset  River  investigation:  Norwood,  East  Walpole, 
Canton,  Taunton,  Provincetown,  Danvers  Lunatic  Hospital,  Rutland, 
Stockbridge  and  Leicester. 

Purification  of  Manufacturing  Sewage. 

Various  industries  produce  a  large  volume  of  waste  liquor  or 
sewage.  It  can  be  stated  that  the  volume  of  sewage  turned  out 
daily  by  one  manufacturing  plant  is  often  as  great  as  the  sewage 
of  a  village  of  considerable  population,  and  the  organic  matters 
contained  in  manufacturing  sewage  are  often  much  greater  than  in 
the  same  volume  of  town  sewage. 

These  excessive  amounts  of  organic  matters,  together  with  various 
chemicals  used  in  the  manufacturing  processes  and  also  present  in 
the  sewage,  often  render  the  problem  of  successful  and  economical 
disposal  of  this  sewage  exceedingly  difficult. 

During  the  past  year  the  composition  and  disposal  of  the  sewage 
of  two  tanneries,  engaged  in  different  lines  of  work,  three  paper 
mills  and  two  wool-scouring  establishments  have  been  studied. 

Tannery  No.  !• 

This  tannery  is  engaged  in  preparing  and  tanning  calf  skins.  Of 
these  skins  large  numbers  are  imported,  and,  to  prevent  decompo- 
sition en  route,  come  packed  in  sulpho  naphthol,  a  germicide,  and 
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this  has  been  present  in  the  sewage  throughout  the  period  of  ex- 
amination. 

To  aid  in  the  process  of  freeing  the  skins  of  hair,  a  ton  or  more 
of  sulphide  of  arsenic  is  used  each  month,  mixed  with  lime  to  form 
a  soluble  salt  of  arsenic,  and  as  a  result  of  this  the  sewage  always 
contains  arsenic  in  suspension  and  solution.  Various  other  chemi- 
cals and  dyes  are  used  in  the  tannery  and  are  present  in  the  sewage. 

The  sewage  as  it  flows  from  the  tannery  is  a  heavy,  thick  and 
oflbnsiye  liquid,  containing  a  very  large  amount  of  organic  matter 
and  generally  colored  by  the  dyestufls  present  in  it.  A  large  amount 
of  the  organic  matter  present  is  in  suspension,  and  experiments  have 
shown  that  it  will  settle  out  from  the  main  body  of  the  sewage  very 
completely  in  one  hour,  this  rapid  sedimentation  being  aided  by  the 
lime  and  other  chemicals  in  the  sewage. 

There  is  generally  enough  arsenic  in  this  sewage  to  prevent  or 
almost  prevent  the  growth  of  bacteria,  and  hence  if  it  were  applied 
directly  to  filtration  areas  the  bacterial  actions,  which  cause  the  puri- 
fication of  sewage  and  upon  which  the  life  and  value  of  a  sewage 
filter  depend,  could  not  take  place.  A  considerable  proportion  of  the 
arsenic  is  held  by  the  sludge,  or  organic  matter  in  suspension,  and 
is  carried  downward  with  it  when  the  sewage  is  allowed  to  stand  and 
settle.  The  supernatant  sewage,  after  this  sedimentation,  contains, 
however,  generally  enough  arsenic  to  check  bacterial  action,  and  if 
applied  to  filtration  areas  there  would  probably  be  an  accumulation 
of  arsenic  in  the  filter  in  the  course  of  time  in  sufficient  quantity  to 
permanently  check  nitrification. 

The  volume  of  sewage  flowing  from  the  tannery  generally  exceeds 
200,000  gallons  daily,  and  its  character  is  shown  by  the  following 
monthly  averages  of  the  chemical  analyses  of  a  large  number  of 
samples. 

In  regard  to  the  bacteria  in  this  sewage  the  numbers  given  in  this 
table  are  of  those  present  in  the  supernatant  sewage,  samples  for 
planting  being  taken  without  shaking  the  bottle.  The  reason  of 
this  way  of  recording  the  numbers  present  is  that  if  the  bottle  were 
shaken,  and  the  sample  planted  contained  its  proportionate  amount 
of  the  sludge,  this  sludge  generally  contained  enough  arsenic  to 
sterilize  the  plate  and  prevent  bacterial  growth.  This  was  particu- 
larly true  of  the  samples  collected  during  the  last  six  months  of  the 
year. 
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Sewage  of  Tannery  No.  1. 

IParta  per  100,000.] 


Ammonia. 

Ohoakio  Nitho- 

OKN  (KJBLDAHL). 

1 

•a 

a 

a 
« 
e 

6 
1 

2 

mm 

i 

Cm 

ALBUMIKOID. 

Date -1896. 

• 

o 
o 

i 

oo 

a 

In  Suspen- 
sion. 

• 

1 

• 

a 

1 

e 

Bacteria  pei 
Centlmetei 

April,    . 

0.7000 

1.68 

1.24 

0.44 

- 

- 

16.80 

20.00 

- 

May,      . 

0.8700 

3.75 

1.41 

2.84 

9.49 

- 

46.76 

42.40 

8,108,000 

Jnne,     . 

2.2040 

6.14 

3.08 

3.11 

10.67 

6.86 

76.11 

62.64 

6,167,000 

Jaly, 

4.0000 

7.88 

8.69 

8.79 

16.02 

7.56 

69.88 

114.76 

10.460 

Angnst, 

3.8400 

8.66 

6.89 

3.17 

14.16 

6.78 

74.18 

126.25 

17,683' 

September,   . 

1.2183 

0.47 

2.16 

7.82 

22.66 

8.22 

20.16 

99.67 

2,866 

October, 

1.3160 

4.66 

2.47 

2.19 

9.68 

4.27 

42.08 

66.50 

2,000 

Noyember,    . 

1.9000 

8.66 

2.88 

6.78 

27.15 

9.62 

68.66 

102.25 

2,000 

December, 

0.3000 

1.03 

0.62 

0.61 

8.60 

8.16 

7.84 

7.90 

45,000 

Average, 

1.8168 

8.70 

2.62 

8.18 

14.17 

6.71 

46.81 

71.37 

1,668,780 

Removal  of  Arsenic  by  Coke  or  Iron. 

Methods  for  removing  this  arsenic  have  been  studied,  and  we  have 
found  that  by  passing  the  sewage  through  a  filter  or  strainer  of  coke 
breeze  it  is  quite  completely  freed  from  the  arsenic.  This  removal 
is  probably  due  to  a  combination  of  the  arsenic  with  the  iron  in  the 
coke  and  the  formation  of  an  insoluble  double  salt  of  iron  and  arsenic 
which  is  retained  in  the  coke.  The  same  result  is  accomplished  by 
passing  the  sewage  through  iron  filings  or  turnings. 

These  methods  of  removing  arsenic  are  important  and  can  undoubt- 
edly be  applied  in  the  case  of  other  arsenic-bearing  manufacturing 
sewages. 

Average  Amount  of  Arsenic  (AS2  O3)  in  Entire  and  Supernatant  Sewage 

and  Effluent  of  the  Coke  Strainer. 

[ParU  per  100,000.] 

In  entire  tannery  sewage, 8.6447 

In  supernatant  tannery  sewage, 1.6767 

In  effluent  of  coke  strainer, 0823 

Much  of  the  effluent  of  the  coke  strainer  contained  no  arsenic,  but 
occasionally,  when  an  excessive  amount  was  applied  and  the  strainer 
was  overworked,  some  would  pass  through. 
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Examination  of  the  coke  proved  that  a  large  percentage  of  the 
arsenic  was  retained  in  the  upper  few  inches  of  the  strainer.  Thus, 
for  example,  a  small  filter  containing  2  feet  in  depth  of  coke  breeze 
was  put  in  operation  October  1  and  flooded  each  day  for  two  weeks 
with  this  sewage.  The  effluent  was  examined  each  day  and  con- 
tained no  arsenic,  and  on  October  15  the  coke  itself  was  examined 
with  the  following  result :  — 

Arsenic  (AS 2  O3). 

[ParU  per  100,000.] 

In  upper  4  inches  of  coke, 36.40 

In  middle  4  inches  of  coke, 6.60 

In  lower  4  inches  of  coke, 20 

Filtration  of  the  Sewage  of  Tannery  Ifo.  1. 

Two  sand  filters  and  the  coke  strainer  before  mentioned  have  been 
operated,  receiving  the  supernatant  sewage,  and  are  designated  as 
filters  Nos.  71,  72  and  73. 

Filter  JVb.  71. 

This  filter  contains  4.5  feet  of  sand  of  an  effective  size  of  0.23 
millimeter  and  has  received  the  supernatant  sewage  at  the  rate  of 
50,000  gallons  per  acre  daily.  It  has  produced  a  satisfactory  effluent 
generally,  but  nitrification  has  been  entirely  destroyed  in  it  at  those 
periods  when  the  applied  sewage  has  contained  rather  more  arsenic 
than  usual,  as  during  September  and  again  during  December,  as 
shown  by  the  table  beyond.  In  warm  summer  weather  nitrification 
is  quickly  re-established  in  a  filter,  but  if  it  ceases  in  winter  it  does 
not  start  again  until  warmer  weather  returns,  thus  causing  poor 
purification  and  excessive  storage  of  organic  matter  in  a  filter  dur- 
ing the  cold  weather. 

Filter  m.  72. 

This  filter  contkins  2  feet  in  depth  of  coke  breeze  and  has  received 
the  supernatant  sewage  at  the  rate  of  100,000  gallons  per  acre  daily. 
This  rate  kept  the  surface  of  the  coke  flooded  for  about  two  hours 
daily  and  could  have  been  increased  and  still  resulted  in  the  removal 
of  the  arsenic.  It  has  removed  considerable  organic  matter  and  gen- 
erally all  the  arsenic  from  the  sewage.  The  object  of  this  filter  has 
been  to  free  the  sewage  of  germicides  and  thus  get  it  into  such  a  con- 
dition that  the  organic  matter  can  be  attacked  by  the  bacteria  of 
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decomposition 9  putrefaction  and  nitrification.  That  this  resolt  is 
accomplished  is  shown  by  the  tables  beyond,  for  when  the  sewage 
applied  to  this  coke  strainer  or  filter  has  contained  so  much  arsenic 
that  only  a  few  hundred  bacteria  per  cubic  centimeter  were  found 
growing  in  it,  its  efSiuent  has  contained  several  million  per  cubic 
centimeter. 

FlUer  No.  73. 

This  filter,  containing  4.5  feet  of  sand  of  an  effective  size  of  0.23 
millimeter,  has  received  the  effluent  of  Filter  No.  72  at  the  rate  of 
100,000  gallons  per  acre  daily,  and  has  maintained  uniformly  good 
nitrification  and  purification. 

The  following  tables  give  the  monthly  averages  of  the  analyses  of 
the  effluents  of  these  three  filters :  — 


Effluenl  of  Fitter  No.  71. 

[Pftrtft  per  100»000.j 


Ammomia. 

NITBOOBM  AB 

1 

0 

U 

• 

2 

.1 

DATS -ISM. 

1 

• 

• 

1 

i 

Oxygen 
Com 

1 

s 

^ 

e 

9a 

Nltrl 

Mfty 

0.2600 

.1120 

S7.80 

0.9780 

.2800  1 

8.16 

1,288,000 

Jane, 

0.074S 

.0661 

118.71 

1.0660 

.0094 

4.66 

1,204 

July, . 

0.0676 

.1736 

84.78 

8.6284 

.0112 

6.66 

81,800 

Aoguet,    . 

1.3126 

.2760 

68.08 

2.4666 

.0926 

7.08 

22,600 

September, 

2.3900 

.6660 

00.12 

0.0812 

.0280 

11.04 

2,628,000 

October,    . 

0.8700 

.1300 

22.43 

2.8820 

.0380 

2.40 

163,000 

November, 

0.1683 

.8000 

68.67 

0.8620 

.0920 

6.40 

200,000 

December, 

1.2600 

.2200 

2.84 

0.0320 

.0000 

3.60 

496,000 

Averftge, 

1       1 

» 

>       < 

>       < 

t 

» 

0.7386 

.3290 

66.61 

1.4869 

.0626 

6.46 

689,260 

Effluent  of  FiUer  No.  72  (Coke). 

[Parte  per  100,000.] 


Ammovxa. 

NiTBOOBK  AM 

• 

1 

!l 

• 

2 

Datb  — 18»«. 

1 
§ 

4 
1 

i 

J 

1^ 
1 

terl 

bic 

Ccr. 

i 

o 
< 

1 

1 

1 
.0192 

CQ 

May, 

0.4200 

0.1193 

27.08 

.1690 

3.88 

662,000 

Jane, 

0.6008 

0.8980 

48.61 

.8487 

.0200 

7.79 

1,491,000 

July, . 

3.8600 

1.3640 

78.68 

.4290 

.0120 

17.88 

3,638,000 

Aagoft,     . 

6.8000 

0.9626 

68.03 

.0610 

.0016 

17.16 

970,000 

September, 

4.8840 

0.6240 

77.10 

.1266 

.0068 

8.64 

3,806,000 

October,    . 

•         *>*  * 

1.8667 

0.8067 

32.78 

.1730 

.0747 

4.60 

3,018,000 

November,       ■ 

1.7000 

1.4800 

40.60 

.3360 

.2300 

11.00 

20,170,000 

December, 

0.6200 

0.1900 

4.42 

.0400 

.0180 

8.20 

4,860,000 

Average, 

1 

»             1 

> 

i                i 

t 

> 

2.4489 

0.6648 

62.02 

.1078 

.0466 

j      9.17 

4,437,000 
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Effluent  of  Filter  No,  73. 

[Parte  per  100.000.] 


Datb  — 18M. 


Ammokia. 


i 


S 

o 


May, .  . 
Jnoe,  . 
July, 

Aogntt,  . 
September, 
Oetober,  . 
Norember, 
Deeember, 
ATerage, 


.1626 
.0330 
.0556 
.0725 
.8160 

.oiao 

.0127 
.0280 


.1478 


.0720 
.0868 
.1476 
.1176 
.2844 
.0605 
.0720 
.0820 


.1090 


i 


31.29 
81.66 
91.22 
64.98 
114.42 
25.33 
66.68 
17.58 


64.14 


KiTBOOKll  AS 

i 

1 

s 

1 

s 

as 

0.9066 
0.6986 
3.1320 
3.8825 
8.7960 
2.2775 
1.9900 
1.2500 


2.2410 


.2070 
.0023 
.0004 
.0000 
.0180 
.0016 
.0000 
.0000 


.0287 


1 


§ 


%P 


•si 

OQ 


1.26 
1.07 
4.28 
4.25 
5.20 

• 

1.85 
2.77 
5.80 


8.30 


3,000 

5.700 

346,600 

118,700 

147,900 

48,000 

14,000 

18,000 


87,600 


Bacterial  Analyses  of  the  Sewage  applied  to  and  Effluents  of  Filths  Nos,  71, 

72  and  73. 

[Bacteria  per  Cable  Ceotlmeter  Id  Sewage  and  EfBnentt.] 


MoxTH  —  1S96, 


Sewage  for 

Filter! 

Nos  71  and  7S. 


May,        . 

Jane, 

July, 

Angast,    . 

September, 

October,  . 

Iff^orember, 

Deeember, 


8,103,000 

5,167,000 

10,460 

17,688 

2,866 

2,000 

2,000 

45,000^ 


ErrLDBXT  OF  FiLTsas  Nos. 


71. 


7». 


7».« 


1,288,000 

1,294 

81,300 

82,500 

2,628,000 

168,000 

200,000 

495,000 


662,000 
1,491,000 
2,528,000 
979,000 
2,808,000 
2,018,000 
20,170,000 
4,850,000 


3,000 

5,700 

346,500 

118,700 

147,900 

48,000 

14,000 

18,000 


*  Filter  No.  78  receives  the  efBaent  of  Filter  No.  72.  f  One  analysis  made  in  December. 


Tannbby  No.  2. 

Studies  in  regard  to  composition  and  methods  of  disposal  of  thei 
sewage  of  a  tannery  engaged  in  preparing  and  tanning  sheep  skins, 
were  begun  during  the  latter  part  of  1895  and  have  been  continued 
during  1896.     The  sewage  of  this  tannery  varies  in  daily  volume 
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from  20,000  to  50,000  gallons,  and  is  a  heavy  liquid  varying  in 
color  from  time  to  time  and  having  an  exceedingly  offensive  odor.  It 
seldom  contains  any  substance  of  a  character  to  check  bacterial  action, 
and  the  large  amount  of  organic  matter  present  is  in  an  advanced 
state  of  decomposition  and  hence  readily  attacked  by  the  bacteria  in 
a  filter.  The  sludge  is  at  times  great  in  volume  as  compared  with 
the  sludge  of  ordinary  town  sewage  and  very  rich  in  fats  and  nitrog- 
enous matters. 

The  following  table  gives  the  monthly  averages  of  the  chemical 
analyses  of  the  sewage  of  this  tannery :  — 


Sewage  of  Tannery  No,  2, 

[Parts  per  100,000.] 


t 


Ammovia. 

Ic  Nitrogen 
lahl). 

i 

ALBUMINOID. 

Datb  — ISM. 

1 

« 

1 

4 

1 

1 

1 

a 

I 

a 

In  Sat] 
ilon. 

O 

6 

1 

January, . 

•             « 

2.40 

2.66 

1.40 

1.10 

- 

1004.8 

100.9 

February, 

4 

8.27 

8.60 

2.88 

0.64 

- 

602.8 

68.0 

March,    .       » 

1.46 

1.28 

0.77 

0.46 

- 

483.8 

48.6 

April,      . 

4.80 

6.80 

4.28 

1.66 

- 

843,8 

87.T 

May,        .       . 

2.07 

1.68 

0.07 

0.66 

- 

618.7 

97.8 

Jane, 

4.10 

2.26 

0.06 

1.20 

8.673 

262.0 

66.9 

July, 

7.02 

8.28 

1.06 

1.82 

6.802 

262.8 

62.0 

August,  . 

7.50 

8.48 

2.27 

1.21 

6.273 

816.8 

68.8 

September, 

6.07 

4.26 

1.68 

2.62 

7.000 

606.8 

63.0 

October,  . 

8.76 

4.88 

2.86 

2.03 

6.606 

262.0 

48.8 

Noyerober, 

8.00 

«.76 

2.87 

1.80 

6.880 

726.8 

122.1 

December, 

2.02 

1.74 

1.06 

0.68 

6.321 

284.0 

62.0 

Average, 

4.88 

8.10 

1.91 

1.26 

6.020 

462.4 

67.6 

A  filter  to  which  this  sewage  has  been  applied  was  in  operation 
from  September,  1895,  until  November,  1896.  The  filter  contained 
26  inches  in  depth  of  sand,  of  an  effective  size  of  0.14  millimeter, 
over  gravel  underdrains,  and  during  the  first  few  weeks  of  its  opera* 
tion  nitrification  was  active  and  its  effluent  of  an  entirely  satisfactory 
character.  It  was  being  operated  at  this  time  at  a  rate  of  about 
120,000  gallons  per  acre  daily.    After  a  short  period,  however,  it 
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became  badly  clogged,  owing  to  the  large  amount  of  sludge  in  the 
applied  sewage  sLnd  its  accumulation  upon  the  surface  of  the  filter. 

This  sludge  was  of  a  gelatinous  character  when  wet,  and  excluded 
the  necessary  air  from  the  pores  of  the  filter ;  when  dry  it  was,  as 
might  be  expected,  of  a  Jeatbery  nature  and  would  crack  and  sepa- 
rate into  small  pieces,  and  when  removed  would  crumble  into  a 
powdery  mass  and  remain  in  this  condition,  producing  no  offensive 
odor. 

It  is  probable  that,  with  a  continual  removal  of  this  dry  sludge 
from  the  filter's  surface,  good  nitrification  would  have  continued, 
although  the  depth  of  sand  in  the  filter  was  not  sufficient  to  obtain 
the  best  results.  The  filter  has  been  operated  during  1896  at  an 
approximate  rate  of  25,0Q0  gallons  per  acre  daily,  and  has  removed 
a  large  percentage  of  the  organic  matter  from  the  sewage,  but  nitri- 
fication has  not  been  active. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 
the  effluent  of  this  filter :  — 

Effluent  of  Large  Fitter. 

[P»rU  per  100,000.] 


AMMOmA. 

MM 

O 

e 

NlTBOORN  AM 

• 

1 

ALBUMINOID. 

i 
1 

9i 

Nttritet. 

1 

DAn~lS96. 

• 

1 

§ 

0 

k>4 

1 

c 

»4 

c 

h 

o 

Jlinnary, . 

2.60 

.01 

.28 

.88 

- 

889.6 

.4000 

.0000 

23.00 

February, 

8.00 

.20 

.19 

.07 

- 

278.8 

.0440 

.0000 

7.60 

March,     • 

2.00 

.16 

.09 

.00 

- 

222.0 

.1410 

.0040 

3.26 

April,      . 

2.87 

.28 

.16 

.18 

- 

208.2 

.0606 

.0040 

6.68 

May.        . 

8.07 

.61 

.88 

.18 

- 

812.6 

.1820 

.0200 

12.40 

Jone, 

2.82 

.29 

.10 

.18 

0.091 

266.2 

.4862 

.0027 

6.68 

July,       .       , 

8.00 

.21 

.14 

.07 

0.866 

260.1 

.0688 

.0006 

8.48 

Angaft,   . 

4.08 

.07 

.82 

.86 

1.449 

340.6 

.0988 

.0000 

18.00 

September,     . 

2.08 

.28 

.16 

.12 

0.660 

227.0 

.0170 

.0011 

2.10 

October,  . 

2.80 

.19 

.14 

.06 

0.898 

220.8 

.1468 

.0026 

1.46 

Average,  . 

2.96 

.36 

.20 

.16 

0.089 

278.6 

.1678 

.0086 

8.88 

This  filter  was  discontinued  in  November  and  an  examination  of 
the  sand  at  that  date  showed  the  following  amounts  of  nitrogen 
stored  at  different  depths :  — 
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Nitrogen. 

[Parte  per  100,000  by  weight  of  dry  humI.] 

Surface, 632 

6  inches  down, «        •        .      82 

,  18  inches  down, 21 

Supernatant  Sewage  of  Tannery  No.  2. 

A  considerable  percentage  of  the  organic  matter  in  suspension  in 
this  sewage  can  be  removed  by  sedimentation,  this  being  aided  by 
the  lime  and  other  chemicals  used  in  the  tannery  and  present  in  the 
3ewage. 

The  following  table  gives  the  monthly  averages  of  the  chemical 
analyses  of  the  supernatant  sewage :  — 

Supernatant  Sewage  of  Tannery  No,  2, 

[Perte  per  100,000.] 


Ammomia. 

o 

6 

1 

ALaUMIMOIP. 

1 

Dats-18»«. 

1 

• 

g 
1 

1 

Jannary, 

•       •       « 

2.18 

1.88 

0.88 

0.07 

• 

868.8 

81.60 

Ftobmmry, 

1 

2.48 

1.24 

0.48 

0.78 

- 

826.8 

68.00 

Mareh,    . 

1       < 

8.18 

2.88 

0.78 

1.88 

- 

804.8 

47.60 

April, 

1       < 

8.40 

4.18 

1.88 

2.17 

- 

688.8 

86.70 

May.       .       . 

>       1 

8.80 

8.78 

8.18 

0.64 

- 

828.4 

88.80 

June, 

t       1 

4.00 

2.88 

« 

1.88 

0.47 

4.286 

446.6 

188.80 

Jnly,       , 

•       t 

7.08 

2.88 

2.28 

0.88 

4.807 

278.6 

28.20 

Angiist,  . 

»       < 

7.07 

1.10 

0.78 

0.82 

1.881 

681.8 

88.00 

September,     . 

>       < 

10.80 

2.42 

1.62 

0.80 

4.867 

884.8 

28.78 

October, . 

• 

8.00 

1.00 

1.88 

0.67 

8.287 

227.4 

41.28 

NoTember, 

•       < 

8.70 

1.78 

1.11 

0.07 

4.408 

246.8 

11.80 

Deoember, 

• 
• 

7.80 

8.48 

2.81 

0.88 

8.748 

189.0 

14.00 

Average, 

6.88 

2.40 

1.66 

0.86 

4.688 

880.8 

60.74 

In  January  a  filter  was  started  to  receive  this  supernatant  sewage. 
This  filter  contains  4  feet  in  depth  of  sand  of  an  efiective  size  of  0.14 
millimeter,  and  is  located  in  a  building  where  the  temperature  is  only 
slightly  above  the  freezing  point  during  the  winter.  As  a  result  of 
this  low  temperature  nitrification  did  not  begin  to  be  active  until  the 
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approach  of  warm  weather.  Sewage  was  applied  for  four  months 
at  the  rate  of  120,000  gallons  per  acre  daily,  but  this  rate  was  ex- 
cessive for  so  strong  a  sewage  and  was  reduced  to  60,000  and  then 
to  30,000  gallons  per  acre  daily.  Since  the  first  of  May  nitrification 
has  been  exceedingly  active  and  the  effluent  of  the  filter  clear  and 
practically  odorless. 

The  following  table  gives  the  average  analyses  of  the  effluent,  and 
a  study  of  this  table  will  show  that  much  of  the  nitrogen  stored  in 
the  filter  during  the  pre-nitrification  period  has  passed  away  in  the 
effluent  since  the  period  of  active  nitrification  began  :  — 


Effluent  of  Filter  receiving  Supernatant  Tannery  Sewage, 

[Parte  per  100,000.] 


AMMUMLL. 

Organic  Nitrogen 
(Kjeldahl). 

• 

« 
e 

1 
g 

NlTBOOBN  AS 

1 

s 

0 

• 

▲LBDMINOID. 

• 

i 

• 

1 

Date  ~  1896. 

H 

• 

1 

a 
a 

u 

»4 

1 

a 

9 

o 

January, . 

1.86 

.00 

.66 

.06 

- 

794.0 

0.3680 

.0040 

36.00 

February, 

2.68 

.78 

.78 

.08 

- 

761.8 

0.1680 

.0180 

09.60 

March,     . 

8.68 

.27 

.24 

.08 

- 

442.6 

0.2680 

.0410 

3.30 

April,      . 

3.77 

.28 

.26 

.02 

- 

868.0 

0.1708 

.0670 

8.80 

May,        . 

4.48 

.80 

.28 

.02 

» 

.880 

834.8 

2.0060 

.1160 

2.86 

June,       • 

4.88 

.24 

.18 

.00 

.626 

400.9 

2.9006 

.1300 

6.06 

July, 

0.98 

.18 

.10 

.02 

.210 

266.0 

8.8000 

.0800 

1.37 

Anguit,   • 

S.86 

.17 

.14 

.08 

.880 

016.0 

3.1876 

.0806 

2.38 

September, 

1.11 

.10 

.18 

.03 

.271 

414.6 

9.9426 

.0860 

1.28 

October,  . 

1.18 

.14 

.11 

.03 

.191 

300.6 

10.202ft 

.0100 

0.86 

NoTember, 

1.82 

.12 

.00 

.08 

.838 

273.0 

9.4960 

.0140 

0.88 

December, 

1.62 

.18 

.08 

.06 

.286 

264.0 

12.1260 

.0100 

0.70 

Average,  . 

2.60 

.28 

.26 

.08 

.304 

484.8 

4.9204 

.0642 

11.04 

Fater  No.  75. 

m 

In  order  to  prove  decisively  whether  or  not  the  sludge  of  this 
sewage  really  contained  a  substance  which  was  prejudicial  to  nitrifi- 
cation, or  whether  the  poor  nitrification  in  the  filter  receiving  the 
entire  tannery  sewage  was  due  simply  to  the  amount  of  sludge 
applied  to  it,  a  third  filter  was  started,  to  receive  a  mixture  of  this 
sewage  and  ordinary  city  sewage.     The  filter  contains  4.5  feet  of 
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Band  of  an  effective  size  of  0.23  millimeter  and  has  been  in  opera- 
tion since  June  9. 

It  received  during  its  first  six  weeks  of  operation  equal  quantities 
of  the  two  sewages  at  a  total  rate  of  50,000  gallons  per  acre  daily. 
The  amount  of  sludge  was  so  great,  however,  that  the  surface  of  the 
filter  became  clogged,  and  the  sewage  applied  was  changed  so  that 
it  contained  one  part  of  tannery  sewage  to  two  and  one-half  parts 
of  Lawrence  sewage. 

Following  this  change  nitrification  became,  and  has  continued  to 
be,  active  and  the  efiiuent  of  the  filter  has  been  clear  and  odorless, 
thus  showing  that  sewage,  such  as  produced  by  this  tannery,  can  be 
mixed  with  ordinary  town  or  city  sewage  and  successfully  purified 
upon  a  common  filtration  area. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 
the  efiiuent  of  this  filter :  — 


Effltient  of  Filter  No.  75, 

[Paru  per  lOO.OOO.J 


Datb~1806. 


AMMomA. 


I 


a 

1 


•         •••••• 


June,  . 
July,  . 
Aognst, 
September,  .       •       .       . 

October 

November,  .       •       .       . 
December,  .       »       .       . 
Ayerage, 


•   •   • 


.2545 


.1116 
.7515 
.0200 


.0138 


.oieo 


.4028 


.2251 


.0850 
.0524 
.0745 
.0464 
.0627 
.0520 
.0528 


.0528 


I 


126.83 
112.72 
08.48 
104.85 
01.67 
82.87 
67.78 


97.81 


NiTROOBN  AS 


3 
I 


0.6838 
0.8432 
0.0155 
5.1220 
6.1767 
5.2078 
3.6176 


3.2366 


.1880 
.1120 
.8548 
.0018 
.0001 
.0010 
.0502 


.0930 


•a 
« 

a 

o 

s 

o 


0.42 
0.90 
1.24 
0.38 
0.83 
0.43 
0.49 


0.60 


^       .2 

«  tf  t9 

••ss 

so 


58,000 
22,800 
81,000 
14,200 
31,000 
8,200 
9,726 


24,275 


Conclusions.    . 

The  results  already  obtained  by  these  investigations  into  the  char- 
acter of  tanuery  sewage  and  the  possibility  of  disposing  of  it  and 
destroying  its  offensive  constituents  upon  the  same  general  principles 
by  which  ordinary  town  sewage  is  purified  are  important,  and  fur- 
nish a  basis  for  the  study  of  the  disposal  of  the  sewage  of  tanneries 
producing  waste  liquors  of  a  still  different  nature. 
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It  seems  probable  that  few  tanneries  produce  a  sewage  more  diffi- 
calt  to  handle  than  that  of  Tannery  No.  1,  and  in  cases  of  this 
nature,  where  chemicals  inimical  to  bacterial  life  are  in  the  liquors, 
economical  methods  of  removing  them  can  probably  be  found. 


Waste  Liquors  from  Paper  Mills. 

.  The  studies  in  regard  to  the  character  and  disposal  of  waste  liquors 
from  paper  mills  have  been  continued. 

These  liquors  can  be  divided  into  two  classes,  namely,  those  pro- 
duced in  washing  and  preparing  the  stock  and  those  produced  in 
making  this  stock  into  paper.  Both  liquors  contain  a  large  amount 
of  organic  matter,  but  the  nitrogenous  organic  matter,  principally 
the  dirt  washed  from  the  stock,  is  most  abundant  in  the  first.  The 
organic  matter  in  the  seconcj  liquor  is  largely  of  a  carbonaceous 
nature,  being  the  fine  pulp  which  passes  through  the  paper  machine. 
A  large  amount  of  various  kinds  of  chemicals  is  used  in  cleaning  and 
bleaching  the  stock  and  often  a  large  amount  of  dyestuffs  in  working 
the  stock  up  into  colored  paper.  In  many  mills,  also,  a  clear  almost 
colorless  water  is  needed,  and  filters  for  clarifying  the  water  by  means 
of  alum  as  a  coagulant  are  used,  and  when  these  filters  are  cleaned  the 
hydrate  of  alumina  and  dirt  gathered  in  the  filter  are  washed  into  the 
drain  pipes  of  the  mill. 

Thus  the  waste  liquors  contain  both  dirt,  fibre  and  chemicals,  and 
a  paper  mill  of  ordinary  capacity  will  turn  several  tons  of  solid  mat- 
ter into  its  waste  pipes  each  day* 

A  large  percentage  of  this  waste  is  of  such  a  character  that  it  will 
gather  in  masses,  but  a  large  percentage  is  also  in  solution,  and  the 
volume  of  waste  liquor  is  very  great,  that  of  the  mills  from  which 
most  of  our  samples  for  analysis  have  been  taken  varying  from 
2,000,000  to  3,000,000  gallons  daily.  This  great  volume,  together 
with  the  character  imparted  to  it  by  the  chemicals  present,  makes 
the  problem  of  satisfactory  treatment  difficult. 

The  three  following  tables  present  the  average  analyses  of  a  large 
number  of  samples  taken  from  the  three  waste  pipes  of  paper  mill 
No.  1.  In  reorard  to  these  analvses  it  can  be  stated  here  that  at 
times,  when  the  alum  filters  are  being  washed  or  when  the  rotary 
boilers  are  being  emptied,  the  water  running  to  waste  is  much  more 
polluted  than  shown  by  any  of  the  averages  presented. 
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Waste  Water  from  Drain  No.  1. 

[Part!  per  100,000.] 


AMMOiriA. 

• 

1 

s 

ALBUMINOID. 

Datb  — 1»06. 

• 

a 

• 

a 

1 

• 

i 

1 

a 

1 

a 

^4 

^4 

1 

a 

1 

June, 

.0200 

.0740 

.0570 

.0170 

0.48 

1.75 

July 

.0138 

.0788 

.0443 

.0845 

0.84 

2.15 

August, 

.0140 

.0707 

.0400 

.0307 

1.17 

8.15 

September, 

.0150 

.1254 

.0605 

.0640 

0.88 

8.35 

October, 

.0475 

.1315 

.0535 

.0780 

1.36 

4.54 

November, 

.0195 

.1140 

.0549 

.0591 

l.ll 

4.34 

December,    ......... 

.0820 

.2900 

.2030 

.0870 

1.10 

7.55 

Ayerage 

.0303 

.1263 

.0783 

.0530 

0.98 

8.83 

Waste  Water  from  Drain  No,  2, 

[Parts  per  100,000.] 


^" 

Ammonia. 

• 

1 

a 

ALBUMINOID. 

Datb  —  ISM. 

• 

g 

• 

a 

I 

^ 

& 

6 

O 

• 

1 

• 

1 

1 

a* 

1 

a 

• 

5 

u* 

H 

M 

^4 

U 

o 

June 

.0100 

.0580 

. 

1.24 

1.85 

July, 

.0115 

.0768 

.0575 

.0193 

0.70 

1.53 

August, 
September,   . 

.0080 

.0600 

.0400 

.0200 

1.71 

1.25 

.0088 

.0747 

.0435 

.0312 

0.63 

1.82 

October, 

.0528 

.0841 

.0653 

.0188 

2.54 

3.78 

November,    , 

.0140 

.1480 

.1180 

.0300 

2.03 

8.65 

December,    . 

»       1 

.0180 

.1040 

.0670 

.0370 

1.05 

3.7ft 

Average, 

• 

• 

» 

» 

•       •       • 

> 

.0175 

.0865 

.0652 

.0261 

1.41 

2.80 

Waste  Water  from  Drain  No.  .9. 

[Parts  per  100,000.] 


Ammokia. 

^ 

1 

albuminoid. 

Datb -1806. 

• 

g 

ix 

1 

B 

m    . 

s 

a 

i 

H 

a 
^4 

In  8u 
•Ion 

1 

June, 

.0230 

.1780 

.1060 

.0720 

1    0.89 

4.10 

July, 

.0112 

.0555 

.0247 

.0808 

1.00 

1.02 

August, 

.0075 

.0685 

.0590 

.0095 

1.30 

3.27 

September , 

.0267 

.2060 

.1113 

.0947 

0.70 

4.67 

October,        ....... 

.0553 

.1683 

.1013 

.0670 

1.13 

4.16 

November 

.0260 

.1460 

.0940 

.0520 

1.42 

5.10 

December, 

.0220 

.0910 

.0580 

.0330 

1    1.24 

4.05 

Average, 

1       •       1 

I 

.0245 

.1805 

.0702 

.0513 

i    1.06 

1 

8.85 
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Paper  Mill  No.  2. 

The  waste  pipes  of  paper  mill  No.  2  all  empty  into  a  raceway 
UDderneath  the  mill.  A  large  number  of  samples  have  been  taken 
from  this  raceway,  but  their  analyses  do  not  accurately  represent  the 
waste  Hquor  of  the  mill,  owing  to  the  fact  that  a  large  amount  of 
water  other  than  that  used  in  the  processes  of  manufacture  in  the 
mill  comes  into  the  raceway. 

Other  tables  are  given,  however,  presenting  the  average  analyses 
of  samples  taken  directly  from  the  waste  pipes. 


From  Raceway  of  Paper  Mill  No,  2. 

[ParU  per  100,000.] 


Ammoiiia. 

• 

1 

t 

i 

ALBUMnCOID. 

Datb-ISM. 

1 

• 

1 

I 

a 

In  Suspen- 
sion. 

1 
1 

1 

June,     . 

.0280 

.0720 

.0560 

.0160 

1.78 

1.47 

July,     .       .       , 

.0087 

.0720 

.0567 

.0153 

1.03 

1.75 

Aogust,         . 

.0140 

.0000 

.0500 

.0100 

3.08 

2.60 

September,   . 

.0110 

.0785 

.0450 

.0885 

1.44 

2.n 

October, 

.0116 

.0625 

.0635 

.0090 

1.42 

2.54 

November,    . 

.0120 

.1280 

.1000 

.0280 

1.12 

8.10 

ATorage* 

.0134 

.0788 

.0602 

.0188 

1.79 

3.21 

From  Washers  and  Beaters  of  Paper  Mill  No,  2. 

[Parte  per  100,000.] 


Ammohxa. 

9 

i 

1 

ALBDMWOID. 

DATS -ISM. 

t 

1 
S 

a 

In  Suspen- 
sion. 

1 

1 

KoTember, 

December 

.0407 
.0800 

.8400 
.1400 

.1658 
.0900 

.1747 
.0500 

5.16 
0.75 

16.77 
6.20 

Average, 

.0854 

.2400 

.12n 

.1124 

2.96 

11.49 
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WaaU  Water  from  Botary  BoOers  of  Paper  Mill  No.  2. 

[Paru  per  100,000.] 


Ammonia. 

Chlorine. 

•d 

1 

ALBUMIMOID. 

s 

g 

o 

Datb— ISM. 

H 

1 

a 

In  Suspen- 
sion. 

November, 

December, 

1.1000 
1.2000 

2.0000 
2.2000 

2.1000 

.1000 

187.0 
130.5 

220.0 
104.0 

Average, 

1.1500 

2.5500 

2.1000 

.1000 

158.8 

211.5 

Waste  Water  from  Paper  Machines  of  Paper  Mill  No,  2. 

[Parte  per  100,000.] 


Ammohia. 

i 

i 
g 

1 

1 

ALBUMINOID. 

DATS  — 18M. 

• 

1 

§ 

c 

^4 

In  Rnspen- 
sion. 

1 

1 

October, 

November, 

December, 

.0200 
.0210 
.0180 

.0020 
.0720 
.0360 

.0840 
.0800 
.0160 

.0080 
.0830 
.0200 

1.22 
8.00 
0.75 

6.50 
5.50 
1.60 

Average, 

.0107 

.0667 

.0463 

.0203 

^.82 

4.53 

WasU  Water  from  "  Save  All "  at  Paper  Mill  No.  2. 

[Parts  per  100,000.] 


Ammonia. 

a 

i 

6 

• 

i 

ALBDMlNOin. 

DAT! -1806. 

i 

1 

o 

a 
^4 

In  Suspen- 
sion. 

1 
1 

October, 

November, 

December, 

.0120 
.0180 
.0160 

.0240 
.0260 
.0400 

.0200 
.0190 
.0180 

.0040 
.0070 
.0220 

2.82 
2.84 
1.28 

1.02 
1.50 
1.44 

Average, 

.0137 

.0300 

.0190 

.0110 

2.15 

1.62 

This  last  table  represents  the  liquor  of  the  previous  table  after 
having  passed  through  a  screening  apparatus  in  use  at  this  mill. 
This  apparatus  is  used  to  save  as  much  of  the  pulp  that  has  passed 


No.  34.] 


FILTRATION  OF  SEWAGE. 


443 


through  the  paper  machine  as  possible,  and,  as  showa  by  the  table, 
55  per  cent,  of  the  organic  matter  represented  by  the  albuminoid 
ammonia  and  64  per  cent,  as  represented  by  the  oxygen  consumed 
is  screened  out  by  this  **  save  all.** 

Filler  m.  77. 

A  mixture  of  these  paper  mill  liquors  has  been  applied  to  a  small 
filter  at  the  station.  This  filter  contains  4.5  feet  of  sand  of  an 
effective  size  of  0.23  millimeter  and  was  put  in  operation  during 
June.  The  liquor  is  applied  at  the  rate  of  200,000  gallons  per  acre 
daily,  and  a  bright,  clear  effluent,  containing  very  little  organic  mat- 
ter, has  beep  obtained  ;  but  this  purification's  apparently  caused  by 
the  straining  out  and  retention  in  the  filter  of  the  organic  matter 
applied.  Some  of  the  organic  matter  removed  from  the  sewage  has 
undoubtedly  passed  into  the  air  in  gaseous  forms  of  carbon  and 
nitrogen,  but  nitrification  did  not  become  active,  although  the  ex- 
periment was  carried  on  during  the  warmest  months  of  the  year, 
owing,  probably,  to  the  various  chemicals  in  the  applied  liquor.  It 
is  possible  that  a  larger  percentage  of  the  applied  nitrogen  passes 
into  the  air  than  is  the  rule  with  sand  filters  receiving  ordinary 
town  sewage,  and  that  a  filter  receiving  this  liquor  could  be  operated 
indefinitely.  It  is  certainly  true  that  a  large  percentage  of  the  car- 
bonaceous organic  matter  is  strained  out  and  left  upon  or  very  near 
the  surface  of  the  filter  and  can  be  removed  without  removing  much 
of  the  filtering  material.  In  order  to  keep  a  filter  in  successful 
operation  this  would  probably  have  to  be  removed  from  time  to  time 
or  thoroughly  broken  up  at  intervals,  as  it  decomposes  very  slowly. 

Effluent  of  Filler  No,  77. 

IPftrU  per  100,000.  J 


Ammonia. 

• 

o 

g 

NlTKOOKK  AS 

• 

1 

DATS -1806. 

• 

• 

1 
i 

< 

• 

! 

i 

5 

§ 

m 

a 
a  o 

M 

o 

Jnoe, 

.0140 

.0280 

1.17 

- 

.0060 

.42 

July 

.0118 

.0213 

0.06 

.0163 

.0069  ' 

.28 

Angast, 

.0003 

.0220 

1.47 

.0117 

.0003 

.82 

September, 

.0068 

.0240 

1.77 

.0062 

.0000 

.87 

October, 

.0014 

.0142 

1.17 

.0060 

.0000  ' 

.88 

Ayerage, 

.0080 

.0219 

1.81 

.0006 

.0024 

.84 
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Coke  Strainer  for  Paper  Liquor. 

As  has  been  mentioned  previously,  the  volume  of  waste  liquors 
turned  out  by  the  paper  mills  is  very  large,  and  as  their  pollutions 
are  not  offensive  in  the  same  manner  and  degree  with  town  sewage, 
a  partial  purification  which  will  remove  a  large  percentage  of  the 
polluting  matters,  especially  those  in  suspension,  may  be  in  many 
cases  sufficient. 

The  use  of  coke  as  a  filtering  or  straining  medium  through  which 
to  pass  sewage  at  a  high  rate  for  the  purpose  of  removing  the  mat- 
ters in  suspension  has  been  investigated  at  the  station.  Its  advan- 
tages are  many,  among  Which  is  that  of  removing  the  surface  layer 
of  coke  and  burning  it  when  it  becomes  clogged  by  the  sludge  re- 
moved from  the  sewage. 

In  order  to  test  the  value  of  coke  in  treating  these  paper  liquors 
a  small  coke  strainer  was  started  at  the  station,  to  which  they  were 
applied  at  the  rate  of  1,000,000  gallons  per  acre  daily.  The  effluent 
of  this  strainer  has  been  very  satisfactory,  as  shown  by  the  following 
table. 

During  December  the  strongly  alkaline  and  highly  polluted  liquor 
from  the  rotary  boilers  (see  page  442)  was  applied  to  this  strainer. 

Effluent  of  Filler  No,  77  A, 

[Parts  per  100»000.] 


AXMOMIA. 

i 

DlTBOOKM  AS 

* 

1 

3 

1^ 

DATS -1806. 

1 

a 

a 

9 

< 

1 

i 

5 

October,       •       .       •       •       .       •       •       .*. 

.0203 

.0198 
.0424 
.0200 

2.08 

2.17 

88.00 

.0088 
.0040 
.0140 

.0088 
.0000 
.0100 

0.86 

November.  ...>>•■>. 

.0000 

1.89 

December,  ••..•••.. 

.2000 

44.00 

Average, 

.0774 

.2274 

18.07 

.0069 

.0046 

15.26 

Screening^  Sedimentation  and  Chemical  Precipitation. 

A  considerable  proportion  of  the  organic  pollution  of  these  liquors 
is,  as  has  been  said  before,  in  suspension,  and  is  quite  readily  removed 
by  passing  the  liquid  through  wire  screens.  In  some  mills  a  con- 
siderable part  of  the  fine  pulp  which  passes  through  the  paper  ma- 
chines is  saved  in  this  way,  and  it  is  evident  that  a  large  portion  of 
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the  dirt  contained  in  the  wash  waters  could  be  screened  oat  in  the 
same  manner.  If  this  were  done  it  is  evident  that  the  resulting 
liquor  could  be  applied  to  a  coke  strainer  at  two  or  three  times  as 
great  a  rate  as  would  be  feasible  without  this  straining. 

Results  upon  sedimentation  are  that  about  30  per  cent,  of  the 
total  organic  pollutions  are  removed  from  these  liquors  when  they 
are  allowed  to  stand  and  settle  for  one  hour,  and  that  a  period  of 
sedimentation  two  or  three  times  as  long  improves  this  result  little 
if  any.  This  proportion  of  removal  can  be  increased  to  about  45 
percent.,  if  either  ferrous  or  aluminum  sulphate  is  added  in  pro- 
portion of  500  pounds  per  1,000,000  gallons  of  liquor  treated. 

Waste  Liquors  fboh  Rinsing  and  Scouring  Wool. 

The  liquor  resulting  from  scouring  and  rinsing  wool  is  large  in 
volume,  exceedingly  rich  in  organic  and  mineral  matters  in  suspen- 
sion and  solution,  and  is  of  a  character  not  readily  acted  upon  by  the 
agents  of  decomposition,  putrefaction  and  nitrification. 

The  liquor  of  two  wool-scouring  works  has  been  analyzed  fre- 
quently during  the  year  and  studies  and  investigations  made  of 
methods  for  their  disposal.  From  one  of  these  plants  samples  of 
the  scouring  liquor  itself,  and  from  the  other,  samples  of  the  entire 
mixed  scouring  and  rinsing  liquor,  have  been  obtained  for  analysis 
and  investigation. 

Beginning  in  September,  1895,  the  waste  scouring  liquor  was 
applied  to  a  sand  filter,  but  the  excessive  quantity  of  dirt  and  fats 
of  various  kinds  in  the  liquor  caused  such  a  clogging  of  the  surface 
of  the  filter  that  it  was  soon  evident  the  clogging  matters  must  be 
removed  in  some  other  way  than  by  filtration.  Consequently  the 
percentage  of  removal  of  these  fats  and  dirts  by  means  of  different 
chemicals  has  been  investigated,  and  it  has  been  found  that  the  addi- 
tion of  calcium  chloride  to  the  liquor  causes  the  formation  of  a  lime 
soap,  and  that  the  fats  and  dirt  in  suspension,  together  with  some  of 
the  matters  in  solution,  are  precipitated.  The  ordinary  precipitants, 
such  as  lime  and  ferrous  and  aluminum  sulphate,  have  little  or  no 
effect  upon  the  liquor.  The  supernatant  liquor,  after  removing  fats, 
etc.,  by  calcium  chloride,  is  a  clear,  yellow  liquid,  containing  very 
little  matter  in  suspension.  Its  odor  is  slight  and  not  at  all  offen- 
sive, and  it  does  not  change  its  character  on  standing.  It  contains 
a  large  amount  of  organic  matter  in  solution,  but,  judging  from  the 
experiments  thus  far  made,  the  indications  are  that  it  might  be 
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allowed  to  enter  a  body  of  water  not  used  as  a  water  supply  with- 
out creating  a  nuisance,  as  the  decomposition  of  its  organic  matter 
would  be  very  gradual. 

The  following  table  gives  the  average  monthly  analyses  of  the 
liquor  after  its  treatment  with  calcium  chloride  :  — 


Wool'Scouring  Liquor  after  Treatment  with  Calcium  Chloride. 

[Pftrto  per  100,000.] 


Ammonia. 

S 

NITROOBN  AS 

1 

DATi-i8»e. 

i 

a 

i 

1 

s 

1 

1 

May,      .       . 

0.40 

2.08 

• 

1040 

.1040 

.0000 

27.40 

June,     . 

14.02 

6.72 

- 

1000 

.1732 

.0060 

63.28 

July,     •      .       . 

S8.00 

10.67 

- 

1280 

.2660 

.0016 

06.00 

Aogutt, 

11.76 

0.82 

22.688 

626 

.2416 

.0002 

71.88 

September,  . 

28.88 

16.88 

27.888 

2004 

.2640 

.0006 

116.26 

October, 

6.87 

8.72 

16.760 

1776 

.8420 

.0040' 

61.00 

Average, 

16.61 

0.12 

21.806 

1282 

.2461 

.0020 

70.80 

Experiments  upon  the  feasibility  of  further  purification  of  this 
liquor  have  been  carried  on  and  it  has  been  applied  to  sand  and 
coke  filters,  and  although  its  clogging  properties  have  been  removed 
by  its  preliminary  treatment  so  that  it  passes  through  the  sand  or 
coke  at  reasonable  rates  of  filtration  its  character  is  improved  but 
little.  (See  page  503,  report  of  1895.)  When  applied  to  a  filter 
in  a  state  of  active  nitrification  it  quickly  checks  and  destroys  this 
action,  owing,  probably,  to  its  degree  of  alkalinity. 

Beginning  May  11,  this  clarified  liquor  was  neutralized  and  ap- 
plied to  a  filter  containing  4.5  feet  of  sand  of  an  effective  size  of 
0.23  millimeter.  The  rate  of  filtration  was  at  first  100,000  gallons 
per  acre  daily ;  on  August  15  it  was  reduced  to  25,000  and  on  Sep- 
tember 11  to  12,500  gallons  per  acre  daily.  At  either  of  these 
rates  the  applied  liquor  was  easily  disposed  of  but  passed  through 
the  filter  without  material  change,  as  shown  by  the  following  table 
of  analyses  of  the  efiluent  from  this  filter.  The  numbers  of  bacteria 
in  both  the  applied  liquor  and  efiiuent  have  varied  from  several  hun- 
dred thousand  to  several  million. 

This  filter  went  out  of  operation  at  the  beginning  of  November. 


No.  34.] 


FILTRATION  OF  SEWAGE. 


447 


Effluent  of  Filler  No.  74. 

[Part*  per  100,000.] 


Ammonia. 

1 

i 

NlTBOOBir  AS 

• 

1 

o 

DATS— ISM. 

1 

1 
1 

< 

* 

1 

• 

M«y 

9.16 

6.61 

806 

.4666 

.0818 

80.86 

Jaoe, 

14.71 

4.68 

1084 

.1641 

.0018 

45.00 

Jaiy» 

26.08 

10.20 

1264 

.2608 

.0000 

105.80 

August, 

8.61 

4.28 

607 

.5135 

.0000 

48.68 

September, 

81.06 

12.12 

1007 

.2800 

.0000 

90.40 

October, 

8.80 

2.64 

1660 

.1410 

.0000 

28.00 

Average, 

16.60 

6.76 

1218 

.2990 

.0055 

57.21 

Filler  No.  76. 

Experiments  in  regard  to  the  ability  of  the  clarified  liquor  to 
nitrify  when  neutralized  and  mixed  with  Lawrence  sewage  have 
been  made.  During  June  a  filter  containing  4.5  feet  of  sand  of  an 
effective  size  of  0.23  millimeter  was  put  in  operation,  receiving 
equal  volumes  of  the  liquor  and  sewage  at  a  total  rate  of  100,000 
gallons  per  acre  daily.  This  proportion  and  rate  were  continued 
until  August  10,  when,  as  nitrification  had  not  started,  the  rate  was 
reduced  to  50,000  gallons  per  acre  daily  and  the  proportion  changed 
so  that  the  dose  applied  to  the  filter  contained  three  parts  Lawrence 
sewage  to  one  part  clarified  and  neutralized  wool  liquor.  This 
change  did  not  result  in  allowing  nitrification  to  become  established, 
and  on  September  11  the  proportion  was  made  one  to  five.  Fol- 
lowing this  change,  nitrification,  in  excess  of  that  which  could  be 
accounted  for  by  the  change  of  the  organic  matter  of  the  Lawrence 
sewage  alone,  has  taken  place  and  the  efiluent  of  the  filter  has  been 
clear  and  almost  odorless. 

The  following  table  gives  the  average  monthly  analyses  of  the 
dose  applied  during  the  period  of  nitrification,  and  the  second  table 
beyond  presents  the  average  monthly  analyses  of  the  efiiuent  of  the 
filter :  — 
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Sewage  applied  to  Filter  No.  76. 

[Part*  per  100,000.] 


AmioiaA. 

e 

NiTROQEM  Aft 

» 

s 

DATB-19t«. 

1 

1 

< 

O 

6 

a 

1 

2 

i 
1 

7^ 

6 

a 

I 

o 

October, 

8.26 

11.20 

26.856 

1800.0 

.4235 

.0030 

88.50 

November, 

6.18 

0.45 

24.110 

1803.8 

.2550 

.2575 

73.50 

December, 

4.06 

1.10 

4.781 

285.8 

.1273 

.0015 

7.10 

Average, 

4.44 

7.28 

18.667 

1270.7 

.2686 

.0873 

66.37 

Effluent  ofFUter  No.  76. 

[Parte  per  100,000.] 


Jone,    . 
July,    . 
Aaguat, 
September,  . 
October, 
November,  . 
December,   . 
Average, 


DATB-18»e. 


Ammokia. 


i 


0.8500 


14.8000 


7.4000 


0.0200 


1.0500 


1.1888 
0.4540 
6.4868 


o 


i3 


2.1700 
4.0200 
0.0300 
1.6720 
0.4876 
0.4733 
0.2680 


1.4185 


o 


618.8 
654.8 
07.6 
350.6 
211.1 
220.8 
214.7 


824.4 


NlTBOOBN  AS 

• 

1 

8 
% 

^ 

z 

0.2240 
0.1228 
0.2158 
0.4628 
2.3126 
4.8033 
4.1300 


1.7616 


.0010 
.0000 
.0615 
.1872 
.4700 
.3600 
.1300 


.1728 


•8 

a 


¥ 


38.00 
85.00 
8.06 
18.04 
4.86 
4.43 
8.26 


16.20 


Wool-scouring  Plant  No.  2. 

The  waste  wool  liquor  previously  described  was  that  resulting 
simply  from  the  scouring  process.  This  waste  scouring  liquor  is 
small  in  volume  when  compared  with  the  entire  waste  liquor  turned 
out  by  a  wool-scouring  plant,  as  the  volume  of  water  used  in  rinsing 
and  washing  the  wool  after  it  is  scoured  is  many  times  as  great  as 
the  volume  used  in  the  scouring  process,  —  approximately  100  to  1, 
—  and  this  entire  waste  liquor  contains,  of  course,  much  less  organic 
matter,  volume  for  volume,  than  the  scouring  liquor  alone. 

Samples  of  this  entire  mixed  scouring  and  rinsing  liquor  have 
been  collected  from  the  waste  drain  of  a  second  wool-washing  plant 
and  analyzed. 
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The  following  table  gives  an  average  of  these  analyses :  — 

Waste  Liquor  of  Wool-scouring  Plant  No.  2. 

[Parts  par  100,000.] 


Ammonia. 

§ 

NiTBOOBK  A8 

t 

Organic   Nltrog 
(KJeldahl). 

1 

a 

1 

a 

1 

Date— 1806. 

• 

•6 
o 

B 

a 

< 

1 

• 

June, 

0.0627 

0.1813 

. 

1.03 

.0888 

.0000 

1.88 

Jaly,      . 

0.0855 

0.3405 

• 

1.08 

.0410 

.0003 

2.71 

Aogost, 

0.8468 

1.0265 

1.0814 

8.29 

.0480 

.0003 

2.79 

September,    . 

0.3285 

0.2850 

0.4256 

2.48 

.0440 

.0007 

1.68 

October, 

0.7480 

0.2416 

0.4521 

4.25 

.0414 

.0002 

1.76 

November,    . 

1.2875 

0.5026 

1.3940 

4.10 

.0408 

.0007 

8.28 

December,    . 

0.9500 

0.3225 

1.8826 

3.52 

.0683 

.0015 

2.28 

Average, 

i 

4 

•                      i 

»                      • 

0.5441 

0.4070 

0.0471 

3.62 

.0465 

.0006 

2.28 

Filter  No.  70. 

Beginning  in  June  this  liquor  was  applied  to  a  filter  containing 
4.5  feet  of  sand  of  an  effective  size  of  0.23  millimeter,  at  a  rate  of 
100,000  gallons  per  acre  daily.  This  rate  of  filtration  continued 
until  September  14,  and  while  the  applied  dose  was  readily  disposed 
of  by  the  filter,  and  its  effluent  quite  clear  and  generally  odorless, 
nitrification  did  not  become  established.  On  September  14  the  dose 
was  so  changed  that  it  consisted  of  5  parts  wool  liquor  and  1  part 
Lawrence  sewage,  and  the  rate  of  application  was  made  120,000 
gallons  per  acre  daily.  Following  this  change  nitrification  became 
and  has  remained  active. 

The  following  table  presents  the  average  monthly  analyses  of  the 
effluent :  — 

Effluent  ofFiUer  No.  70. 

[ParU  per  100,000.] 


Ammonia. 

• 

e 

NiTSOOBN  AS 

Oxygen 

Consumed. 

Datb— 1S»6. 

1 

2 

o 

3 

a 

a 

• 

s 
s 

1 

Bacteria 
Cnblc    Cei 
meter. 

Jnne,     . 
July, 
Augast, 
September,    . 
October, 
Noverober,    . 
December,     . 

.0078 
.0852 
.0057 
.0807 
.0085 
.0028 
.0865 

.0077 
.2226 
.0527 
.0278 
.0210 
.0423 
.0438 

0.57 
8.10 
0.46 
1.45 
2.43 
2.09 
3.10 

.0285 
.0652 
.0825 
.8610 
.6627 
.6260 
.7370 

.0000 
.0000 
.0000 
.0006 
.0002 
.0000 
.0024 

0.16 
3.58 
0.83 
0.42 
0.84 
0.58 
0.56 

81,000 
46,000 
61,000 
88,000 
82,000 
48,000 
44,000 

Average, 

k 

> 

■ 

»              •               » 

.0246 

.0598 

2.60 

.3590 

.0004 

0.92* 

45,000 
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Solid  Matters  in  MANurACTURiNO  Wastes. 

The  solid  matters  in  the  manufacturing  sewages  studied  are  large 
in  amount.  In  the  sewage  from  the  calf-skin  tannery  the  average 
amount  of  solids  present  in  parts  per  100,000  has  been  932.  As 
this  tannery  turns  out  from  200,000  to  300,000  gallons  of  sewage 
daily,  it  must  contain  at  least  10  tons  of  solid  matter  daily.  The 
solids  in  the  sewage  from  the  sheep-skin  tannery  are  about  the  same, 
and,  calling  the  average  daily  flow  of  sewage  at  this  tannery  35,000 
gallons,  at  least  1  ton  of  solid  matter  daily  is  carried  away  in  the 
sewage.  The  solids  in  the  wool-scouring  liquor  average  4,486  parts 
in  100,000.  The  average  solids  in  the  paper-mill  waste  liquors  are 
40  parts  in  100,000,  and,  calling  the  average  volume  of  the  waste 
liquors  2,500,000  gallons  daily,  it  appears  that  at  least  4  tons  of 
solid  matter  are  contained  in  the  daily  flow. 

Fats  in  Manufacturing  Sewages. 

The  tannery  sewages  and  wool  liquors  are  exceedingly  rich  in 
fatty  matters.  At  some  tanneries  the  fats  pressed  from  the  skins 
are  saved,  rendered  and  used  as  a  dressing  for  the  finished  leather. 
The  fats  in  the  wool-scouring  liquor  consist  of  the  soap  used  in  the 
process  and  the  animal  fats  removed  from  the  wool.  These  fatty 
matters  are  almost  universally  wasted  in  this  country,  flowing  away 
in  the  exhausted  scouring  liquor,  but  abroad  they  are  very  generally 
recovered  and  placed  upon  the  market  under  the  name  of  **  degras." 
This  fat  is  extensively  used,  especially  in  the  leather  industries,  and 
a  large  amount  is  imported  by  this  country.  Whether  its  production 
in  this  country  would  be  profitable  or  not  cannot  of  course  be  stated 
here,  but  it  seems  probable  that  wherever  the  purification  of  the  waste 
liquor  became  necessary,  the  recovery  of  these  fats  could  be  accom- 
plished and  their  sale  pay  in  part,  at  least,  the  cost  of  purification. 

In  the  table  given  beyond  the  figures  presented  are  the  averages 
of  many  determinations  of  the  fatty  matters  present  in  the  tannery 
and  wool-scouring  liquors  investigated. 

Fats  in  Manufacturing  Sewages. 

[ParU  per  100,000.] 

Tannery  No.  1, 97 

Tannery  No.  2, 26 

W«ol-8couring  liquor, 2,000 

Wool-scouring  liquor  after  treating  with  calcium  chloride,    .        .  88 
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Bactebiology  or  Manufacturing  Sewages  and  or  the  Eftlu- 

ENTS   FROM  FiLTERS   NOS.    71    TO   76. 

From  Aug.  15  to  Dec.  15,  1896,  frequent  bacteriological  exami- 
nations of  the  manufacturing  sewages  and  the  effluents  from  filters 
Nos.  71  to  76  were  made,  in  order  to  determine  what  species  of 
bacteria  they  contained,  the  number  of  bacteria  present  per  cubic 
centimeter,  and  to  determine  also  whether  the  bacteria  contained  in 
these  liquors  increased  or  diminished  in  number  when  the  sewages 
or  effluents  were  allowed  to  stand  for  a  few  days. 


Average  Number  of  Bacteria  per  Cubic  Centimeter  contained  in  Sewages 
applied  to  and  in  the  Effluents  from  Filters  Nos.  71  to  76. 

Aug,  15  to  Dec.  15, 1896, 


71. 


7«. 


78. 


74. 


75. 


70. 


Sewage  applied, 
Efflaent,  . 


89,044 
2,245,000 


39,944 
4,645,000 


4,545,000 
188,000 


19,080,000 
.4,099,000 


7,506,000 
26,700 


7,087,000 
1,634,000 


The  sewage  applied  to  filters  Nos.  71  and  72  contained  arsenic, 
and  for  this  reason  the  average  number  of  bacteria  present  was  small. 
After  the  removal  of  this  arsenic  by  filtration,  bacterial  life  was 
abundant  in  the  effluents. 

As  indicated  in  this  table  some  of  the  sewages  and  effluents  con- 
tained several  million  bacteria  per  cubic  centimeter.  It  would  have 
been  impossible  to  count  the  colonies  formed  in  gelatine  plates  by 
such  great  numbers  of  organisms,  therefore  the  samples  were  diluted 
with  known  volumes  of  sterilized  water  before  the  analyses  were 
made.  By  this  method  of  treatment  some  of  the  species,  repre- 
sented by  only  a  few  cells  in  the  liquors,  were  probably  eliminated. 
However,  by  diluting  the  samples,  the  number  of  cells  found  in  a 
cubic  centimeter  was  reduced,  making  it  easier  to  identify  the  col- 
onies belonging  to  each  species  than  it  would  otherwise  have  been. 
Certain  bacteria  liquefied  the  gelatine,  others  produced  well-marked 
colors  or  colonies  which  had  characteristic  forms. 

By  taking  advantage  of  the  effect  of  dilution  to  diminish  the  num- 
ber of  bacteria  on  the  plate  and  thus  separate  the  colonies,  and  by 
noting  the  characteristics  just  described,  about  thirty-five  different 
species  have  been  detected  in  the  various  sewages  and  effluents.     In 
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order  to  complete  these  determinations,  detailed  series  of  tests  or 
analyses  have  been  made  of  the  most  common  forms. 

To  show  the  relative  numbers  of  colonies  which  each  of  these 
species  formed  on  the  plates  when  present  in  the  sewage  or  effluent 
examined,  a  table  has  been  prepared  which  gives  the  average  per 
cent,  which  the  colonies  belonging  to  any  one  species  was  of  the 
entire  number  of  colonies  on  the  plate,  whenever  such  species  oc- 
curred.    (See  table,  page  453.) 
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This  table  shows  that  eleven  species  were  found  in  the  sewage 
applied  to  filters  Nos.  71  and  72,  eight  of  which  were  detected 
in  the  effluents  of  filters  Nos.  71,  72  and  73;  of  the  six  species 
found  in  the  sewage  applied  to  Filter  No.  74,  five  were  detected  in 
its  effluent ;  of  the  twenty-three  species  in  the  sewage  applied  to 
Filter  No.  76,  fourteen  appeared  in  the  effluent,  and  of  the  seventeen 
species  found  in  the  sewage  applied  to  Filter  No.  75,  ten  were  found 
in  the  effluent.  Furthermore,  species  numbered  63,  64,  65,  66,  67, 
68,  80  and  81  were  found  in  all  the  applied  sewages  and  effluents, 
except  in  the  sewage  and  effluent  of  Filter  No.  74.  This  filter  was 
flooded  with  liquor  obtained  by  treating  wool-scouring  sewage  with 
calcium  chloride,  straining  out  the  precipitated  sludge  and  neutral- 
izing the  filtrate  with  sulphuric  acid,  and  when  applied  to  Filter 
No.  74,  as  indicated  in  the  table  on  page  446,  contained  on  an 
average  19,000,000  bacteria  per  cubic  centimeter,  but  as  a  result  of 
the  treatment,  only  six  species.  Of  these,  No.  94  deserves  special 
mention  from  the  fact  that  it  occasionally  appeared  as  almost  the 
only  species  in  the  liquor  and  because  it  possessed  the  power  to 
reduce  nitrate  (in  bouillon)  to  nitrite  in  a  marked  degree. 

Of  the  other  eight  species  which  were  common  to  all  the  sew- 
ages and  effluents,  attention  is  called  to  Nos.  66  and  80.  During 
the  months  of  August  and  September  the  Bacillus  No.  66  formed 
from  53  to  90  per  cent,  of  the  colonies  found  on  the  plates.  In 
October  great  numbers  of  small  white  colonies,  formed  by  Bacillus 
No.  80,  appeared  in  the  sewages  and  effluents.  This  organism  dif- 
fered from  the  preceding  in  that  it  developed  rather  slowly  in  nutrient 
gelatine  and  possessed  the  power  to  reduce  nitrate  (in  bouillon)  to 
nitrite  with  great  rapidity.  Of  the  other  species.  No.  63  liquefied 
the  gelatine,  forming  brown  colonies  resembling  burnt  umber  in 
color,  and  seemed  to  resemble  the  Bacillus  ruber  described  by  Eisen- 
berg.  Species  64  produced  orange  colonies  and  reduced  nitrate  (in 
bouillon)  to  nitrite  rapidly.  No.  65  liquefied  the  gelatine,  reduced 
nitrate  (in  bouillon)  to  nitrite  and  was  accompanied  by  a  character- 
istic odor.  Species  67,  68  and  81  liquefied  the  gelatine  but  pos- 
sessed no  other  characteristics  of  special  interest. 

It  will  be  seen  that  the  doses  for  filters  Nos.  75  and  76  contained 
many  more  species  than  the  other  sewages.  This  was  undoubtedly 
due  to  the  fact  that  the  sewages  applied  to  filters  Nos.  75  and  76 
were  mixtures  of  regular  Lawrence  sewage  and  factory  sewage. 
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The  species  present  resembled  the  species  in  regular  sewage  closely, 
and  the  bacteria  per  cubic  centimeter  averaged  about  the  same  in 
number. 

In  this  connection  it  should  be  noted  that  the  pail  used  to  meas- 
ure the  regular  station  sewage,  to  be  mixed  as  described  above,  was 
sometimes  used  to  measure  the  sewages  to  be  applied  to  filters  Nos. 
71,  72,  73  and  74.  The  small  volume  of  sewage  left  in  it  was  suf- 
ficient probably  to  seed  the  liquors,  measured  later,  with  the  bacteria 
which  prevailed  in  the  station  sewage.  This  may  account  for  the 
similarity  of  species  found  in  these  liquors. 

Increase  in  the  Number  of  Bacteria  in  Sewages  which  have 

BEEN  allowed   TO   STAND  FOR   SEVERAL   DaTS. 

The  table  on  page  451  shows  that  the  average  number  of  bacteria 
per  cubic  centimeter  found  in  the  sewage  applied  to  filters  Nos.  71 
and  72,  during  the  period  from  August  to  December,  averaged  39,- 
944.  In  the  table  on  page  433  the  average  number  of  bacteria  is 
given  as  1,668,743  per  cubic  centimeter,  but  this  latter  table  in- 
cludes an  average  of  the  analyses  made  from  May  to  December.  The 
apparent  discrepancy  shov^n  by  these  two  tables  is  due  to  the  fact 
that  the  amount  of  arsenic  in  the  sewage  has  varied  at  different 
seasons  of  the  year.  Sewages  obtained  at  certain  seasons  (May  or 
December,  for  instance)  sometimes  contained  several  million  bacteria 
per  cubic  centimeter,  but  at  other  times  the  number  found  averaged 
less  than  20,000. 

When  such  sewage  is  filtered,  the  arsenic  is  removed  and  the  bac- 
teria increase  rapidly  in  the  purified  efiluent,  as  shown  in  the  next 
table. 


Comparison  of  the  Number  of  Bacteria  which  developed  in  Sewage  from  Tannery 
No.  1  with  the  Effluents  from  Filters  Nos,  71,  72  and  73. 

[Baoterift  per  Oublo  Centimeter  in  the  Sftmple.] 


Immediateljr 

after 
Collection. 


After  Stand- 
ing 
24  Hoars. 


After  Stand- 
ing 
48  Hours. 


Arsenic 

(Parts  per 

100,000). 


Tannery  sewage, 
Bfflnent  from  71, 
Bfflnent  from  72, 
BfBnent  from  73, 


2,062 

438 

200 

5,040,000 

6,180,000 

6,200,000 

5,810,000 

18,860,000 

28,800,000 

629,000 

676,000 

1,250,000 

2.0 

Less  than 

0.1 

0.1 

0.1 
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This  table  shows  that  when  much  arsenic  was  present  the  bacteria 
were  few  in  number,  but  in  the  effluents  which  contained  a  mere  trace 
of  arsenic  the  bacteria  increased  rapidly,  for  a  time  at  least. 

WooL-scouRiNO  Liquors. 

The  sewage  from  wool  scouring  usually  contained  a  large  excess 
of  free  alkali  and  organic  substances  washed  from  the  wool.  Before 
applying  the  sewage  to  Filter  No.  74,  the  liquor  was  treated  with 
calcium  chloride  and  strained,  in  order  to  remove  the  matters  in 
suspension.  The  strained  liquor,  obtained  in  this  way,  was  then 
neutralized  by  adding  sulphuric  acid,  and  applied  to  Filter  No.  74, 
or  mixed  with  station  sewage  and  applied  to  Filter  No.  76. 

The  bacteria  in  the  untreated  liquor  included  several  species ;  in 
the  strained  liquor  the  number  of  species  was  smaller ;  in  the  neu- 
tralized liquor  there  were  only  a  very  few  species;  and  in  the 
neutralized  liquor  mixed  with  station  sewage,  to  make  the  dose 
for  Filter  No.  74,  a  great  many  species  appeared.  When  these 
liquors  were  allowed  to  stand  for  a  few  days  the  number  of  bacteria 
increased  rapidly.  This  point  is  well  illustrated  in  the  following 
table :  — 

Number  of  Bacteria  per  Otibic  Centimeter  found  in  Wool-Scouring  Sewages, 


Untreated 

Wool-Boouring 

Uquor. 


Llqnor  plos 

Calclnm  Chloride 

strained. 


Strained  Llqaor 
neutralised  1^ 

adding 
Snlphoric  Add. 


Neatrallsed 
Llqoor  plus  Sta- 
tion Sewage. 


Sample  Jnat  collected,        . 
Sample  stood  twenty -four  honra. 
Sample  stood  three  daya,  • 


10,000 

1,485,000 

110,000,000 


100 

20,000 

10,000,000 


200 

310,000 

67,000,000 


1,042,000 
60,700,000 
71,040,000 


From  this  tabte  it  is  apparent  that  the  number  of  bacteria  con- 
tained in  the  various  liquors  increases  most  rapidly  in  the  liquor 
which  has  been  neutralized  with  acid.  As  shown  elsewhere,  how- 
ever, the  bacteria  found  in  the  neutralized  liquor  generally  belonged 
to  a  small  number  of  species,  species  No.  94  often  forming  nearly 
90  per  cent,  of  the  colonies.  The  neutralized  liquor  was  diluted  to 
a  greater  degree  than  the  other  liquors,  before  making  analyses,  be- 
cause this  liquor  was  infested  with  moulds,'  and  unless  the  samples 
had  been  diluted  enough  to  reduce  the  number  of  moulds,  the  latter 
filled  up  the  plates  so  that  the  bacteria  could  not  be  detected. 
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Sewage  from  Tannery  No.  2. 

The  samples  of  sewage  obtained  at  Tannery  No.  2  contained,  on 
an  average,  several  million  bacteria  per  cubic  centimeter.  The  sew- 
age applied  to  Filter  No.  75  contained  a  mixture  of  this  tannery 
sewage  with  regular  station  sewage. 

Average  Number  of  Bacteria  per  Cubic  Centimeter  found  in  the  Beware  from 
Tannery  No,  2,  in  Vie  Sewage  applied  to  Filter  No.  75,  and  in  the  Effluent 
from  FiUer  No.  75. 


Tanneiy  8«wag«. 

Sewage  applied  to  Filter  Ko.  7ft. 

Effloent  fhnn  Filter  No.  7ft. 

3,M8,oeo 

«,511,000 

2«,T0O 

The  species  found  in  the  sewage  applied  to  Filter  No.  75  and  in 
the  effluent  resembled  the  species  found  in  regular  station  sewage. 

In  summing  up  these  results,  it  may  be  said  that  the  number  of 
bacteria  found  in  the  various  sewages  and  effluents  was  very  great, 
except  in  the  tannery  sewage,  which  contained  arsenic ;  when  this 
arsenic  was  removed  the  bacteria  began  to  increase  rapidly  in  num- 
bers. The  species  found  resembled  the  species  found  in  regular 
sewage,  and  most  of  the  species  found  in  the  sewages  appeared  in 
the  effluents.  A  few  species  were  found  in  all  the  sewages  and 
effluents. 

Micro-organisms  found  in  River  Water  receiving  the  Sewage 

FROM  Tannery  No.  1. 

Samples  of  water,  collected  from  different  points  of  the  river,  into 
which  the  sewage  from  tannery  No.  1  runs,  were  examined  for 
micro-organisms  with  the  following  results.  This  sewage,  it  will  be 
remembered,  contains  arsenic. 


Micro-^>rgani9m8  in  Sample  of  Water  collected  at  a  Point  in 

the  River. 

Above  Tannery. 

Tannery  Sewage. 

1,000  Feet  below 
Tannery. 

Head  of  Pond 

throDgh  which  the 

Blrer  flows. 

NeartheOotletof 
the  Pond. 

DUtome,  . 

AlgKf         •         .         • 

OTanophyoesB, 
Inhuoria, 

Diatoma, 

CyanophyoeaB, 
Infneoria, 

Dlatoma, 

Oyanophycen,     . 
Infasoria,     . 

Dlatome, 

Oyanophyoeas,     . 
Infasoria,     . 

Diatoma. 
Alg». 

Oyanophycen. 
Infnaorla. 
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From  this  table  it  is  apparent  that  after  the  tannery  sewage  enters 
the  river  the  algsB  disappear  until  the  water  has  become  partially 
purified  by  passing  through  the  pond.  Most  of  the  cyanophycese 
and  diatoms  found  in  the  river  above  the  tannery  also  disappeared, 
but  there  were  some  micro-organisms,  such  as  nostoc,  navicula  and 
infusoria,  found  even  in  the  undiluted  sewage. 

The  river  above  the  tannery  contained  great  bunches  of  algae, 
cyanophycese,  etc.,  and  the  stones  on  the  bottom  were  coated  with 
masses  of  zo()gloea,  about  which  were  clustered  diatoms  of  many 
varieties  and  also  infusoria.  The  algse  included  spirogyra,  ulothrix. 
and  other  filamentous  forms ;  cosmarium,  chlorococcus  and  other 
non-filamentous  forms;  the  cyanophycese  included  oscillaria,  lep^ 
tothrix,  oedogonium,  nostoc  and  other  forms ;  the  diatoms  included 
navicula,  synedra,  gomphonema,  tabellaria  and  many  other  forms ; 
indeed,  the  diatoms  were  very  common ;  the  infusoria  included  at 
least  three  forms. 

The  surface  of  the  river  below  the  tannery,  its  banks  and  the 
stones  which  line  the  pond  were  coated  with  masses  of  a  dark-green 
slime.  On  the  bottom  of  the  river  and  pond  bunches  and  mats  of 
dirty  white  filamentous  forms  had  gathered,  which  often  looked  like 
frayed  rope.  These  masses  of  slime  and  bunches  or  mats  consisted 
of  filaments  of  oscillaria,  gloeotrichia,  lyngbia,  protococcus  forms, 
zoogloea,  diatoms,  sludge  from  the  tannery,  infusoria,  worms,  etc., 
matted  together.  Most  of  the  filamentous  forms  found  belonged  to 
the  blue-green  algse,  but  associated  with  the  latter,  especially  in  the 
clusters  of  dirty-white  rope-like  bunches  found  on  the  stones,  were 
long,  cork-screw-like  filaments,  nearly  white,  which  possessed  marked 
twitching  movements.  They  resembled  beggiatoa  in  general  appear- 
ance, but,  from  the  presence  of  many  similar  filaments  containing  dis- 
tinct chlorophyl  bands,  the  white  cells  perhaps  were  filaments  of 
oscillaria  from  which  the  chlorophyl  had  been  bleached  by  the  sulphur 
compounds  set  free  by  decomposition  of  the  tannery  sewage. 

Where  the  stream  becomes  purified  by  sedimentation,  new  species 
of  cyanophyceae,  such  as  oscillaria,  gloeotrichia,  new  forms  of  diatoms 
and  infusoria,  notably  vorticella,  were  found.  Some  of  thes^  may 
have  been  introduced  by  the  tide-water  which  floods  the  basin  twice 
a  day. 

After  receiving  tannery  sewage  the  character  of  the  plant  life 
changed ;  the  organisms  decreased  in  number  and  in  species.  Ex- 
periments therefore  were  made  in  order  to  test  the  effect  produced 
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by  varying  yolumes  of  tannery  sewage  on  the  micro-organisms  living 
in  the  river  water. 

Various  amounts  of  sewage  from  the  settling  basin  at  tannery  No. 
1  were  added  to  flasks  containing  samples  of  water  taken  from  the 
stream  above  the  tannery.  A  similar  series  of  flasks  was  treated 
with  a  sodium  arsenite  solution  containing  arsenic  in  the  proportion 
of  980  parts,  495  parts  and  248  parts  per  100,000  parts  of  river 
water.  As  noted  above,  the  stream  contained  very  many  species  of 
micro-organisms . 

The  algae  seemed  to  die  out  after  standing  two  or  three  days  in 
waters  containing  the  greatest  amounts  of  sewage  or  arsenite,  but  lived 
for  several  days  in  the  other  samples.  In  flasks  which  contained 
small  amounts  of  sewage  or  arsenite,  infusoria  and  diatoms,  especially 
synedra  and  navicula,  seemed  to  increase;  even  spirogyra,  etc., 
lived  there  for  two  weeks.  As  a  matter  of  fact  one  species  of  algse, 
which  resembled  protococcus  or  tetraspora,  flourished  for  five  months 
in  a  flask  which  contained  1  part  of  tannery  sewage  to  1  part  of 
river  water. 

Effluents  from  filters  Nos.  71,  72  and  73  produced  no  particular 
effect  on  micro-organisms  present  in  pond,  river  and  well  waters, 
but  large  quantities  of  tannery  sewage  or  a  strong  solution  of  ar- 
senite destroyed  such  organisms  as  cosmarium,  etc.  Even  in  these 
solutions,  however,  certain  filamentous  forms  and  diatoms  lived. 

Number  of  Bacteria  per  Cubic  Centimeter  found  in  Water  coUeeted  at  Different 

Points  in  the  River,  September,  1896. 


stream  aboTe 
Tannery. 

Tannery  Sewage. 

Stream  1«000  Feet 
below  Tannery. 

Head  of  Pond. 

Near  OoUet  of 
the  Fond. 

786 

1,984 

10,868 

2,620 

1,102 

Filtration  of  Lawrence  Sewage. 

The  Lawrence  sewage  applied  to  the  experimental  filters  is  drawn 
through  a  2.5  inch  pipe  4,300  feet  long,  from  the  Lawrence  Street 
sewer  at  a  point  just  below  the  main  business  street  of  the  city  and 
just  above  the  entrance  of  wastes  from  the  large  mills.  This  sewer 
drains  the  streets,  houses  and  stores  of  the  most  densely  populated 
'section  of  the  city. 

The  sewage  drawn  from  this  sewer  has  contained  more  organic 
matter  during  1896  than  during  any  previous  year  in  the  history  of 
the  station  with  the  exception  of  1895. 
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Large  measuring  tanks  receive  this  sewage  at  the  station  and  from 
them  it  is  run  upon  the  different  filters.  On  at  least  four  days  in 
each  week  a  bottle  of  sewage  is  collected  for  analysis  from  one  of 
these  tanks,  and  this  is  known  as  the  regular  sewage. 

Monthly  Averages  of  Anatt/tea  of  Begular  Beuiage  Bofnpte*. 
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Analyses  of  samples  of  sewage  collected  each  Wednesday  directly 
from  the  Lawrence  Street  sewer,  at  the  point  where  the  pipe  from 
the  sewer  to  the  station  begins,  have  been  made  each  week  during 
the  year.  These  samples  have  been  collected  in  the  morniDg  when 
strong  day  sewage  is  flowing  through  the  sewer.  The  table  giving 
the  monthly  averages  of  the  analyses  of  this  sewage  is  given  below, 
and  on  comparing  it  with  the  previous  table  it  will  be  seen  that  the 
total  nitrogen  represented  by  the  free  and  albuminoid  ammonia  ia 
nearly  the  same,  being  4,86  parts  in  the  Lawrence  Street  sewage 
and  4.62  parts  in  the  regular  station  sewage.  The  greater  quantity 
of  free  ammonia  and  the  lower  quantity  of  oxygen  consumed  in  the 
regular  sewage  are  due  to  its  passage  throngh  the  pipe  from  the 
sewer  to  the  station,  with  the  consequent  bacterial  and  chemical 
changes.  The  nitrates,  nitrites  and  free  dissolved  oxygen  present 
in  the  sewage  when  in  the  sewer  have  disappeared  when  the  sewage 
reaches  the  station. 

The  second  table  beyond  gives  a  monthly  average  of  samples  cot-' 
lected  from  the  Lawrence  Street  sewer  each  week  day  during  eight 
months  of  the  year.     The  samples  averaged  in  this  table  were  taken 
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at  all  times  of  the  day,  both  morning  and  afternoon,  while  the  samples 
averaged  in  the  first  table  beyond  were  all  taken  at  about  9  o'clock 
in  the  morning. 

Monthly  Averages  of  Analyses  of  Sewage  from  the  Lawrence  Street  Sewer. 

[Parte  per  100,000.] 


i 

Free 

Ammonia. 

Albuminoid  Ammonia. 

4 

NiTEOOBN  AS 

1 

B 
II 

211 

18»6. 

1 

Z 
a 

• 

« 

2 
o 

o 

* 
e 

Nltratea. 

s 

Bacteria 
Cable  Ce 
meter. 

Janaary, 

60 

3.60 

1.20 

.68 

.52 

8.74 

.22 

.0086 

7.03 

2,662,000 

February,    . 

48 

3.18 

0.09 

.65 

.84 

8.16 

.28 

.0288 

6.93 

2,076,000 

March, . 

47 

2.72 

0.09 

.68 

.31 

8.09 

.28 

.0147 

6.33 

3.201,000 

April,  . 

52 

2.80 

0.92 

.69 

.88 

10.80 

.24 

.0200 

6.38 

4,133,000 

May,     .       . 

63 

4.18 

1.08 

.69 

.89 

12.61 

.18 

.0840 

6.48 

6,418,000 

Jane,    . 

62 

3.68 

1.12 

.68 

.44 

34.46 

.16 

.0286 

6.76 

6,080,000 

Jaly,    .       , 

67 

8.68 

1.07 

.64 

.48 

10.48 

.16 

.0025 

6.00 

4,622,000 

Angnat, 

78 

4.81 

1.20 

.70 

.60 

26.79 

.10 

.0000 

6.68 

8,288,000 

September, . 

67 

8.92 

1.16 

.72 

.44 

10.12 

.16 

.0184 

6.66 

6,206,000 

October, 

61 

4.08 

1.29 

.76 

.63 

10.01 

.18 

.0296 

7.10 

6.303,000 

NoTcmber,  . 

67 

4.06 

1.68 

.91 

.72 

9.10 

.12 

.1235 

8.60 

7.393.000 

December,  . 

51 

8.40 

1.28 

.82 

.46 

;  10.76 

.19 

.0182 

7.18 

4.086.000 

Average 

>       " 

68 

3.02 

1.16 

.71 

.46 

,  13.34 

1 

.18 

.0268 

6.49 

4.951,000 

Monthly  Averages  of  Analyses  of  Average  Lawrence  Street  Sewage  Samples, 

[Parte  per  100.000.] 


Free 

Ammonia. 

Albuminoid 
Ammonia. 

• 

1 

g 

NiTBOOBM  AS 

• 

180«. 

1 

• 

S 

5 

a 

a 
i 

January, . 

B 

1 

> 

• 

2.20 

0.96 

6.61 

.26 

.0203 

6.10 

February, 

. 

. 

•                     1 

2.61 

•  1.31 

11.26 

.28 

.0216 

7.80 

May,        .       . 

1 

2.08 

0.87 

11.07 

.19 

.0198 

6.20 

June, 

t 

2.23 

0.90 

15.85 

.19 

.0107 

6.20 

July, 

i 

2.50 

0.97 

13.16 

.11 

.0116 

6.73 

Auguat,   . 

t 

2.24 

0.97 

16.66 

.11 

.0275 

6.95 

September, 

t 

2.10 

0.97 

18.85 

.16 

.0295 

6.65 

October,  . 

1                      i 

• 

2.22 

1.08 

10.40 

.18 

.0192 

!    7.20 

Average,  . 

2.27 

1.00 

12.83 

.18 

.0199 

6.66 
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Other  Samples  op  Sewage  collected  fob  Analysis. 

In  addition  to  the  sewages  represented  by  the  preceding  tables,  it 
has  been  the  practice  to  collect  other  representative  samples  for 
analysis,  as  follows  :  — 

1.  A  sample  representing  an  average  of  all  the  sewage  pumped 
on  each  Tuesday  of  the  year. 

2.  Samples  representing  weekly  averages  of  all  the  sewage  ap- 
plied to  filters  Nos.  1,  6  and  9  A. 

3.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
sewage  after  allowing  regular  sewage  to  stand  for  four  hours. 

4.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
sewage  after  treating  regular  sewage  with  sulphate  of  alumina  in  the 
proportion  of  1,000  pounds  per  1,000,000  gallons,  and  allowing  to 
stand  and  settle  for  four  hours. 

5.  On  each  Tuesday  of  the  year  a  sample  of  the  sewage  result- 
ing from  straining  regular  sewage  through  a  layer  of  coke  breeze  at 
a  rate  of  1,000,000  gallons  per  acre  daily. 


Monthly  Averages  of  Analyses  of  Average  Sewage  Samples, 

[Parts  per  100,000.] 


Free 

Ammonia. 

Albdminoid  Auhonia. 

i 

6 

• 

1 

p 

5 

180«. 

• 

g 

• 

«> 

Z 
a 

1 

• 

• 

a 

S 

a 

• 

1 

January, 

4.05 

0.74 

.42 

.82 

7.86 

3.93 

6.26 

February, 

3.61 

0.63 

.85 

.28 

6.49 

2.58 

3.90 

March,    . 

4.12 

0.60 

.85 

.25 

6.94 

8.08 

8.86 

April,      . 

4.99 

0.79 

.40 

.89 

10.10 

8.70 

4.90 

May, 

4.56 

1.07 

.83 

.74 

9.26 

6.45 

14.86 

June, 

4.05 

O.TO 

.80 

.40 

12.72 

8.86 

8.26 

July, 

4.48 

0.68 

.82 

.86 

18.85 

8.50 

7.16 

Aogaat,  . 

3.73 

0.57 

.21 

.36 

11.18 

8.10 

4.36 

September,    . 

« 

4.60 

0.74 

.81 

.48 

12.11 

8.87 

6.86 

October, . 

4.40 

0.78 

.84 

.44 

9.28 

8.75 

7.00 

NuTember,     . 

4.75 

1.21 

.46 

.75 

9.60 

4.90 

7.26 

December,     . 

4.08 

0.97 

.40 
.85 

.57 

9.08 

6.85 

5.91 

ATerage, , 

4.88 

0.79 

.44 

9.86 

8.97 

6.26 
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MotUhly  Averages  of  Mixed  Samples,  representing  all  of  the  Sewage  applied  to 

Filters  Nos.  1,  6  and  9  A. 

[ParU  per  100,000.] 


FSBB  AmfOMIA. 

Albdmikoid 
Ammonia. 

OXTGBV      . 
COMSDMBD. 

Chlorimb. 

180«. 

• 

• 
• 

• 

< 

1 
1 

• 
• 

<0 

• 

< 

1 
S 

a 

• 

& 

g 

■ 

to 

• 

& 

s 

• 

o 

1 

a 

b4 

• 
• 

o 
u 

1 

• 
«D 

• 

i 

• 

0a 

• 

s 

January, 
February,      . 
March,  .       . 
April,    . 
May,      . 
June,     . 
July.      .       . 
August, 
September,   . 
October, 
November,    . 
December,    . 

• 

4.88 
2.88 
8.30 
8.86 
4.67 
8.76 
8.70 
4.64 
4.46 
4.44 
4.06 
4.37 

4.38 
8.84 
4.26 
4.63 
6.24 
4.68 
6.03 
4.41 
4.54 
4.64 
6.18 
4.67 

4.60 
3.21 
3.83 
4.43 
4.01 
3.04 
8.86 
8.66 
3.76 
4.20 
6.08 
4.60 

0.80 
0.64 
0.40 
0.64 
0.71 
0.64 
0.54 
0.71 
0.76 
0.80 
1.01 
0.00 

0.72 
0.61 
0.80 
0.78 
1.08 
0.82 
0.80 
0.62 
0.71 
0.78 
1.21 
1.03 

0.87 
0.66 
0.68 
0.66 
0.66 
0.66 
0.43 
0.42 
0.62 
0.77 
1.08 
1.02 

4.08 
2.86 
2.70 
8.20 
3.82 
2.68 
2.85 
8.68 
8.38 
4.80 
4.68 
6.30 

4.66 
2.00 
3.80 
3.60 
4.74 
3.00 
8.76 
8.48 
8.68 
4.08 
6.06 
6.00 

4.20 
2.63 
8.67 
8.86 
8.12 
2.46 
2.66 
2.26 
2.48 
8.84 
6.88 
4.60 

7.00 
4.60 
6.01 
7.86 
7.06 
86.14 
10.24 
0.81 
0.10 
6.42 
6.60 
7.76 

7.86 

6.18 

6.00 

6.25 

11.16 

18.08 

14.42 

14.00 

11.17 

7.24 

6.04 

7.68 

7.43 
6.48 
6.31 
6.07 
8.16 
8.76 
11.08 
8.07 
0.04 
7.18 
7.06 
7.12 

Average, 

4.10 

4.60 

4.10 

0.71 

0.84 

0.66 

3.64 

3.00 

3.42 

0.70 

0.24 

7.70 

Monthly  Averages  of  Analyses  of  Supernatant  Liquid  Jrom  Settled  Sewage  for 

FiUer  No.  13  A, 


[Parts  per  100,000.] 


18M. 


e 
o 

a 


January,  . 
February, 
March, 
April, 
May, 
June, 
July, 

August,  . 
September, 
October,  . 
November, 
December, 
Average, 


6.20 
3.68 
4.07 
4.06 
4.00 
3.08 
4.27 
3.47 
4.08 
4.88 
4.00 
4.08 
4.42 


Albuminoid  Ammonia. 

c3 

o 

.o 

• 

.o 

a 

5 

a 

s 

^ 

§ 

a 

.60 
.61 
.61 
.66 
.61 
.30 
.30 
.81 
.88 
.60 
.76 
.76 
.62 


.42 
.34 
.30 
.40 
.31 
.26 
.26 
.20 
.24 
.34 
.42 
.61 
.33 


.17 
.17 
.21 
.16 
.30 
.18 
.06 
.11 
.14 
.26 
.88 
.26 
.10 


8.31 
7.48 
6.24 
10.11 
11.61 
1S.16 
10.84 
10.42 
10.60 
18.46 
10.82 
10.17 
10.18 


8.66 

4.62 

2.07 

6.60 

8.20 

6.00 

8.08 

2.32 

8.20 

4.76 

1.81 

1.67 

2.28 

8.03 

2.80 

2.60 

2.08 

8.00 

8.38 

6.66 

4.20 

8.86 

4.48 

6.71 

8.08 

4.00 

3,016,000 
1,618,000 
3,306,000 
8,642,000 
4,640,000 
1,672,000 
2,608,000 
2,813,000 
1,828,000 
2,800,000 
6,820,000 
8,800,000 
8,028,000 
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Monthly  Averages  of  Analyses  of  SupemaiarU  Liquid  from  Sewage  treated  with 

Sulphate  of  Alumina  for  Filter  No.  19. 

[ParU  per  100,000.] 


Free 

Ammonia. 

ALBUMDfOID  AUfOiriA. 

6 

o 

s 

Oxygen 
Coniumed. 

i 

189«. 

1 

• 

1 

• 

s 

a 
1 

B 

Bacteria 
Cubic  Ce 
meter. 

Jaoaary,  . 

5.25 

.47 

.84 

.18 

8.47 

2.85 

3.84 

540,000 

Febroary, 

2.82 

.20 

.17 

.00 

5.90 

1.45 

0.75 

187,000 

March, 

* 

4.17 

.28 

.18 

.10 

6.11 

1.70 

8.10 

345,000 

April,       • 

5.11 

.87 

.28 

.00 

9.96 

1.85 

2.20 

1,278,000 

May,         .       . 

5.05 

.47 

.28 

.10 

11.18 

2.55 

8.80 

1,664,000 

June, 

4.79 

.32 

.28 

.06 

11.65 

1.40 

1.50 

992,000 

July, 

4.17 

.28 

.28 

.05 

10.26 

1.50 

2.03 

1,065,000 

Angttat,    . 

8.57 

.20 

.17 

.09 

9.80 

1.68 

1.50 

1,607,000 

September, 

4.07 

.80 

.24 

.00 

10.78 

1.57 

2.54 

1,694,000 

October,  . 

6.07 

.48 

.82 

.16 

14.02 

2.20 

8.00 

768,000 

Noyember, 

5.10 

.48 

.30 

.12 

10.12 

2.40 

4.05 

2,185,000 

December, 

4.80 

.54 

.41 

.18 

9.40 

8.28 

2.75 

1,918,000 

Average,   . 

4.50 

.37 

.27 

.11 

9.88 

2.08 

2.59 

1,187.000 

Monthly  Averages  of  Analyses  of  Sewage  strained  through  Coke  for  Filter  No.  14  A. 

[ParU  per  100,000.] 


Free 

Ammonia. 

A  LBUMIHOID  AMHOIOA. 

• 

1 

§ 

• 

I 

a  • 

8 

• 

5 

Bacteria    per 
Cubic  Centi- 
meter. 

1896. 

■ 

1 

• 

1 

D 
1 

• 

8 

a 
^4 

January,  . 

• 

. 

5.88 

.48 

.81 

.17 

8.40 

2.45 

2.62 

1,113,000 

February, 

• 

. 

3.02 

.81 

.22 

.09 

6.88 

2.00 

2.72 

1,045,000 

March,     •       • 

* 

. 

4.07 

.40 

.22 

.18 

6.88 

2.80 

4.60 

1,263,000 

April, 

• 

• 

4.86 

.43 

.30 

.18 

9.98 

2.20 

2.68 

2,422,000 

May,        .       . 

a 

. 

4.80 

.48 

.28 

.20 

11.81 

2.70 

8.75 

1,968,000 

Jnne, 

»       « 

>             < 

. 

8.26 

.39 

.26 

.13 

9.66 

1.77 

1.80 

1,479,000 

July,        .       . 

1       i 

1             1 

)             • 

3.03 

.24 

.19 

.05 

10.78 

1.00 

0.90 

673,000 

August,    . 

> 

•            a 

1            . 

2.08 

.18 

.14 

.04 

11.54 

1.80 

1.15 

785,000 

September, 

>       1 

1            1 

>             . 

3.47 

.27 

.22 

.05 

12.08 

1.27 

8.26 

786,000 

October,  . 

1 

1            i 

•             * 

4.67 

.66 

.84 

.82 

14*61 

2.68 

8.30 

1,505,000 

November, 

• 

• 

.             • 

5.85 

.52 

.41 

.11 

11.60 

2.75 

2.40 

2,720,000 

December, 

• 
• 

• 

•  • 

•  • 

4.90 

.67 

.42 

.16 

9.48 

8.10 

2.05 

2,238,000 

Arerage, 

4.07 

.41 

.28 

.14 

10.19 

2.12 

2.00 

1,500,000 

No.  34.]  FILTRATION  OF  SEWAGE.  465 

Summarizing  these  reeulU  for  1896  we  find  that,  by  allowing  the 
Bewage  to  setllo  in  barrels  for  four  hours  and  then  drawing  a  sample 
for  analysis  from  a  faucet  half  way  between  the  top  and  bottom  of 
the  barrel ,  this  sample  shows  a  removal  of  33  per  cent,  of  the  organic 
matter  as  represented  by  the  total  albuminoid  ammonia  and  27  per 
cent,  as  represented  by  the  oxygen  consumed.  By  the  same  treat- 
ment, together  with  the  addition  of  sulphate  of  alumina,  in  the  pro- 
portion stated,  the  removal  has  been  53  per  cent,  and  51  per  cent, 
respectively.  By  straining  through  coke  the  removal  has  been  47 
and  49  per  cent,  respectively. 

These  continuous  experiments  upon  the  removal  of  organic  matter 
by  sedimentation,  chemical  precipitation  and  straining  through  coke 
have  been  continued  for  several  years,  and  the  results  obtained  each 
year  are  presented  in  the  following  table :  — 

tPirt*  p«r  100.000.] 


■  Id  (oma  MM>  Um  tut*  ftian  andiT"r(cnl>rMirtg«'*ar«af  UuiTanceHwig*, 

The  sewages  resulting  from  settling,  precipitating  and  straining 
the  regular  sewage  have  been  applied  to  filters  Nos.  13  A,  14A  and 
19,  respectively,  as  will  be  described  beyond.  The  percentage  of 
organic  matter  removed  by  these  different  methods  varies  from  year 
to  year  and  depends  largely  upon  the  percentage  of  insoluble  organic 
matter  in  the  sewage  treated.  Thus,  in  18it2,  55  per  cent,  of  the 
total  albuminoid  ammonia  was  insoluble  and  sedimentation  removed 
33  per  cent. ;  in  1893,  51  per  cent,  was  insoluble  and  chemical  pre- 
cipitation removed  48  per  cent. ;  in  1894,  59  per  cent,  was  insoluble 
and  sedimentation,  chemical  precipitation  and  coke  straining  removed 
30  per  cent.,  59  per  cent,  and  43  per  cent,  respectively;  in  1895,  72 
per  cent,  was  insoluble  and  the  removal  by  these  three  processes  was 
48,  63  and  61  per  cent,  respectively;  while  in  1896,  with  62  per 
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cent,  of  the  total  albumiDoid  ammonia  insoluble,  the  per  cent,  of 
removal  by  the  three  processes  has  been  33,  51  and  47  respectively. 

Comparison  of  the  Strength  or  Station  Sewage. 

Bringing  together  for  comparison  the  average  results  of  the 
analyses  of  the  several  series  of  samples  of  untreated  sewage  gives 
us  the  following  table  :  — 

Average  Analysis, 

[Parts  per  100,000.] 


Free 

Ammonia. 

Albuminoid  Ammonia. 

• 

C 

"C 
o 

Ic 
o 

10.12 
9.86 
9.70 
9.24 
7.79 

Oxygen 
Consumed. 

• 

c 

1806. 

» 

• 

a 
1 

o 

Z 

s 

o 

ap 

Total 

Kltrofi 

Rescalar, 

AveraKe, 

For  Filter  No.  1, 

For  Filter  No  6, 

For  Filter  No.  9  A, 

1 

1 
4.08 
4.83 
4.10 
4.60 
4.10 

.78 
.79 
.71 
.84 
.66 

.31 

.35 

.28* 

.34* 

.26* 

.48 
.44 

.43 
.50 
.40 

4.14 
3.97 
3.64 
8.99 
3.42 

4.6.3 
4.86 
4.52 
5.15 
4.44 

*  Estimated. 


Composition  of  Sewage. 

The  percentage  of  the  nitrogen  in  a  sewage,  determined  by  the 
albuminoid  ammonia  process,  varies  with  the  age  of  a  sewage,  that 
is,  with  its  freshness  or  staleness.  Figures  in  regard  to  this  fact 
have  been  given  in  the  last  two  reports,  and  the  subject  has  been 
further  studied  during  1896,  not  only  with  fresh  and  stale  city  sew- 
age but  also  with  the  various  manufacturing  sewages  examined. 

A  continuous  comparative  determination,  by  both  the  albuminoid 
ammonia  and  Kjeldahl  processes,  of  the  organic  nitrogen  present  in 
the  stale  sewage  pumped  at  the  station  and  the  fresh  Lawrence  Street 
sewage  has  been  made.  This  examination  continued  for  five  months, 
June  to  October  inclusive,  and  the  results  are  presented  in  the  fol- 
lowing table :  — 

Comparison  of  Nitrogen  determined  as  Albuminoid  Ammonia  (Wanklyn)  with 

Organic  Nitrogen  {Kjeldahl). 

[Parts  per  100,000.] 


Station  Sewage. 


Lawrence  Street 
Sewage. 


Nitrogen  as  albuminoid  ammonia, 
Organic  nitrogen, 

Per  cent,  which  former  is  of  latter, 
Avernge  per  cent ,  1894-95, 

. u ■ 


0.94 
2.56 

87 

26 
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The  figures  given  in  the  previous  years  have  shown  a  smaller  per- 
centage of  nitrogen  determined  by  the  albuminoid  ammonia  process. 
These  former  figures  have  been  calculated  from  analyses  of  series  of 
samples  taken  each  hour  for  twenty-four  hours  and  cover  a  period 
of  one  day  only,  but  include,  of  course,  all  the  various  kind^  of 
sewage,  weak  and  strong,  flowing  in  the  sewer  during  that  day. 
On  the  other  hand,  the  1896  figures  cover  a  five  months'  period,  but 
are  of  samples  of  morning  sewage  only,  and  it  has  been  found  that 
this  strong  sew^age  yields  a  larger  percentage  of  its  organic  nitrogen 
as  albuminoid  ammonia  than  does  the  weaker  night  sewage.  A 
larger  percentage  of  the  organic  matter  present  was  in  solution  in 
1896  than  during  previous  years,  and  this  fact  probably  had  con- 
siderable influence  upon  the  percentage  determined  by  the  albumi- 
noid ammonia  process. 

> 
Manufacturing  Sewages. 

Bringing  together  the  comparative  determinations  made  by  both 
the  Wanklyn  and  Kjeldahl  processes  of  the  nitrogen  in  the  manu- 
facturing sewages  gives  us  the  following  table  :  — 

Comparison  of  Nitrogen  determined  as  Albuminoid  Ammonia  (Wanklyn)  with 

Organic  Nitrogen  (Kjeldahl), 

[Parts  per  100,000.]  » 


m 

Entire  »ew- 

Mge  of 

Tannery 

No  1. 

Supernatant 
Sewage 

ofTaiinery 
No.1. 

Entire  8ew- 

ageol 

Tannery 

No.  2 

Sapernatant 
Sewage 

of  Innnery 
Ko.  2. 

Wool- 
scouring 
Lfquor 
(clarified). 

1 

Nitrogen  as  albamfnotd  ammonia,  . 
Organic  oitrojten  (KjHdabI),    . 
Per  cent,  wblcb  former  ia  of  latter, 

6.00 

14.17 

86 

2.20 

6.71 

89 

2.71 

6.92 

46 

1.86 

4.64 

41 

0.38 

21.90 

43 

The  analyses  of  the  tannery  sewages  were  made  as  soon  as  the 
samples  were  received  at  the  laboratory,  but  this  was  generally 
twenty-four  hours  after  their  collection,  although  occasionally  they 
were  received  upon  the  day  of  collection.  This  fact  gave  a  length- 
ened period  for  decomposition  and  the  consequent  breaking  up  of 
organic  matter  into  bodies  more  easily  oxidized  by  the  permanganate 
used  in  the  Wanklyn  process,  but  had  little  influence  upon  these 
particular  results,  for  tannery  sewage  is  of  considerable  age  and  in 
an  advanced  state  of  decomposition  when  allowed  to  run  to  waste 
from  the  tannery.  Besides  this  the  samples  of  sewage  from  tannery 
No.  1  almost  invariably  contained  enough  arsenic  to  stop  further 
decomposition.  ; 
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Disposal  of  Fresh  and  Stale  Sewage. 

Id  regard  to  the  changes  in  the  organic  constituents  of  sewage  that 
take  place  as  the  sewage  grows  older,  it  can  be  said  that  considerable 
data  have  been  given  in  the  last  two  reports.  It  has  become  evident, 
and  has  been  so  stated  in  part,  that  when  sewage  is  fresh,  that  is  to 
say,  when  the  mixture  of  water  and  decomposable  matter  of  all  kinds 
such  as  is  found  in  sewage  has  just  occurred,  these  matters  can  be 
strained  or  precipitated  out  quite  readily  from  the  main  body  of  the 
liquid.  This  is  the  reason  why  it  has  been  stated  by  many  that 
sewage  should  reach  its  disposal  area  as  soon  as  possible,  that  is,  in 
as  fresh  a  condition  as  possible,  in  order  that  this  separation  may  be 
accomplished  with  the  best  results.  The  separated  sludge  then  re- 
mains to  be  cared  for  either  by  disposal  upon  separate  sludge  beds 
or  mixed  with  earth  and  a  compost  formed.  The  disposal  upon 
sludge  beds  often  means  simply  that  it  is  allowed  to  i*un  upon  these 
beds  and  by  draining  become  separated  from  the  large  percentage 
of  water  contained  in  it,  after  which  it  is  scraped  from  the  bed  and 
composted.  If  the  entire  sewage  is  allowed  to  run  upon  the  main 
beds  the  crude,  insoluble  organic  matters  are  strained  out  upon  the 
surface  of  the  beds,  and,  accumulating,  need  to  be  disturbed  fre- 
quently or  scraped  from  the  surface.  If,  on  the  other  hand,  the 
sewage  is  stale  and  has  undergone  comparatively  long-continued 
mechanical,  chemical  and  bacterial  actions,  not  only- is  the  crude 
organic  maUer  more  finely  divided  and  bene;  more  readily  enters  the 
interstices  of  the  filtering  material  as  stated  in  the  last  report  of  the 
Board,  but  the  sewage  has  actually  lost  crude  organic  matter  both  by 
the  change  of  organic  nitrogen  into  free  ammonia  and  also  by  the  re- 
duction of  the  organic  matters,  measured  by  the  oxygen  consumed,  on 
account  of  the  formation  and  liberation  of  gaseous  compounds  of 
carbon.  For  example,  the  table  given  on  page  461  of  the  report 
of  the  Board  for  1894  shows  that  when  a  bottle  of  fresh  sewage 
was  allowed  to  stand  for  twenty-four  hours  the  organic  nitrogen 
(Ejeldahl)  decreased  51  per  cent,  and  the  oxygen  consumed  25  per 
cent.,  while  the  free  ammonia  increased  over  100  per  cent. 

To  illustrate  the  difierence  in  the  disposal  of  fresh  and  stale  sew- 
age two  small  tube  filters  containing  equal  depths  of  the  same  grade 
of  sand  were  put  in  operation  in  May.  To  one  of  these  filters  sew- 
age taken  directly  from  the  city  sewer  and  brought  immediately  to 
the  station  has  been  applied,  while  the  other  has  received  the  sewage 
pumped  at  the  station. 
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The  average  monthly  analyses  of  the  two  sewages  is  given  in  the 


following  table :  — 


[Parts  per  100,000.] 


Month. 


Ammonia. 


Orvanks 

NJtrog»n 

(KJeldahl). 


ToUl 
Nitrogen. 


Oxvgtn 
Coiuumed. 


Stale  aewage, 
Freah  sewage, 

Stale  aewage, 
Fresh  sewage, 

Stale  sewage, 
Fresh  sewage, 

Stale  sewage. 
Fresh  sewage. 

Stale  sewage, 
Fresh  sewage, 

Stale  sewage, 
Fresh  sewage. 


May, 


June, 


July, 


Aagast,    • 


September, 


October,  • 


•i 


4.01 

1.12 

4.52 

2.06 

2.80 

8.78 

8.04 

0.03 

4.16 

2.28 

2.53 

4.46 

8.88 

0.86 

4.02 

2.50 

2.40 

4.54 

8.56 

0.78 

8.44 

2.24 

2.36 

4.20 

8.78 

1.02 

4.10 

2.10 

2.40 

4.21 

4.20 

1.55 

4.00 

2.20 

2.08 

4.76 

8.12 
6.20 

2.45 
6.20 

2.65 
6.73 

2.25 
6.05 

2.48 
6.65 

8.84 
7.20 


Average  of  stale  sewage. 
Average  of  fresh  sewage, 


2.80 
6.66 


The  following  tables  give  the  monthly  analyses  of  the  effluents  of 
these  two  filters.     Filter  F  received  the  stale  and  Filter  H  the  fresh 


sewage. 


Effluent  of  Filler  F, 

[Parts  per  100,000.] 


Ammohia. 

Nitrates. 

Kltritei. 

MOSTH. 

Free. 

Albuminoid 

Total 
Nitrogen. 

Ifav 

.7187 

.0615 
.0888 
.0204 
.0176 
.0220 
.0285 

1.0600 
1.4444 

1.5710 
1.0250 
1.0000 
1.6410 

.0620 
.0165 
.0016 
.0000 
.0008 
.0007 

1.7080 

.Toiie.        ....a.... 

.1067 

1.6030 

Jaly.                •••••ee** 

.0360 

1.6356 

^QffllAt.     •*••••*•• 

.0130 

1.0654 

September, 

October.  .•>..>••. 

.0000 
.0106 

2.0342 
1.6078 

Average, 

.1482 

.0805 

1.6036 

.0137 

1.7880 
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Effluent  of  Filler  H. 

[Paris  per  100,000.] 


Month. 


Ammonia. 


Free. 


Albuminoid. 


May.         . 
Jane, 
July, 
August,   . 
September^ 
October,  . 
ATerage, 


.2160 
.0297 
.0145 
.0104 
.0105 
.0284 


.0516 


.0344 
.0275 
.0205 
.0272 
.0250 
.0288 


.0272 


Nitrates. 


0.8710 
1.4040 
1.4140 
1.3266 
1.7272 
1.3720 


1.3358 


Nitrites. 


.0090 
.0074 
.0007 
.0003 
.0002 
.0013 


.0031 


Totsl 
Nitrugen. 


1.1035 
1.4808 
1.4601 
1.3700 
1.7770 
1.4438 


1.4392 


Comparing  these  tables  of  sewages  and  effluents  it  will  be  seen 
that  the  total  nitrogen  applied  to  these  filters  was  nearly  equal  in  both 
cases,  but  that  42  per  cent,  of  the  nitrogen  applied  to  Filter  F  was 
found  in  the  effluent  of  that  filter,  while  the  effluent  of  Filter  H  con- 
tained only  33  per  cent,  of  the  nitrogen  applied.  These  figures  are 
of  the  nitrogen  in  the  lorms  given  in  the  table,  but  the  fresh  sewage 
applied  to  Filter  H  invariably  contained  nitrogen  as  nitrates ;  these 
nitrates  averaged  .15  part  per  100,000,  and  this  added  to  the  aver- 
age total  nitrogen,  given  makes  this  average  4.50  parts  per  100,000, 
and  the  percentage  of  nitrogen  found  in  the  effluent  32. 

An  examination  of  the  sand  of  each  filter  at  the  close  of  the  experi- 
ment showed  that  the  sand  of  Filter  F,  which  received  the  stale  sew- 
age, contained  about  12  per  cent,  of  the  applied  nitrogen,  and  the 
sand  of  Filter  H,  which  received  the  fresh  sewage,  contained  26  per 
cent,  of  the  applied  nitrogen. 

The  upper  3  inches  of  sand  in  Filter  F  contained  38  parts  per 
100,000  by  weight  of  nitrogen,  and  the  similar  sand  of  Filter  H,  78 
parts  per  100,000. 

These  two  filters  were  both  operated  at  a  high  rate,  considering 
the  strength  of  the  sewage  applied,  but  Filter  F,  receiving  a  sewage 
having  75  per  cent,  of  its  nitrogen  in  the  form  of  free  ammonia,  dis- 
posed of  it  more  readily  than  Filter  H,  receiving  sewage  containing 
42  per  cent,  of  its  nitrogen  in  the  form  of  free  ammonia. 
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Permanency  or  Sewage  Filters. 

There  are  now  in  operation  at  the  station  six  filters,  ^^^  of  an  acre 
in  area  and  containing  different  grades  of  filtering  material,  which 
have  been  in  operation  for  periods  varying  from  five  to  nine  years. 
The  actual  number  of  gallons  of  sewage  applied  to  these  filters  from 
their  date  of  construction  up  to  Jan.  1,  1897,  is  given  in  the  follow- 
ing table :  — 


FiLTBI  NDMBKB. 

Date  when  Sewage  was  First 
Applied. 

Actoal  Namber 

of  Gallons 

Applied. 

Gallons  per 
Acre. 

1, 

2, 

4 

6A, 

0. 

9  A 

Jan.    10,1888,       .       .       .       . 

Dec.   19,1887 

Dec.    19,1887 

Sept.  14, 1891,       .... 
Jan.    12,  1888,        .... 
Nov.  18, 1890 

1,106,345 
557,268 
892,685 
693.770 
753,249 
762,082 

233,269,000 
111,453,600 
78,537,000 
138,754,000 
150,649.800 
152,416.400 

Filters  Nos.  1,  6  and  9  A  contain  material  with  an  effective  size  of 
0.48,  0.35  and  0.17  millimeter  respectively,  and  with  these  three 
filters  the  entire  depth  of  material  above  their  underdrains  is  of  one 
kind.  The  material  in  filters  Nos.  1  and  9  A  is  very  uniform,  while 
the  material  in  Filter  No.  6  varies  from  gravel  to  sand.  These  three 
filters  on  Jan.  1,  1892,  after  four  years'  operation  of  Nos.  1  and  6 
and  one  year  of  No.  9  A,  had  had  applied  to  them  and  had  stored 
the  following  amounts  of  nitrogen  :  — 


Nitrogen  in  Pounds, 


Applied. 

Stored. 

104.5 

16.0 

66.0 

11.8 

38.6 

8.4 

Filter  No.  1,  . 
Filter  No.  6,  . 
Filter  No.  9  A, 


On  Jan.  1,  1897,  these  three  filters,  after  nine  years'  operation  of 
Nos.  1  and  6  and  five  years*  operation  of  No.  9  A,  had  had  applied 
to  them  and  contained  the  following  amounts  of  nitrogen  :  — 
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Nitrogen  in  Pounds. 

■ 

Applied. 

Stored. 

Filter  No.  1. 

888.0 
250.0 
240.0 

17.0 

Filter  No.  0 

22.0 

Filter  No.  0  A. 

17.0 

Between  January,  1892,  and  January,  1897,  9  inches  of  sand 
were  removed  from  the  surface  of  t'llter  No.  1,  5  inches  in  June, 

1892,  containing  8.73  pounds  of  nitrogen,  and  4  inches  in  May, 

1893,  containing  10.50  pounds.  The  amount  of  nitrogen  stored  in 
this  filter  between  January,  1892,  and  May,  1893,  increased  so 
rapidly  that  after  this  removal  of  19.23  pounds,  3  pounds  more  than 
the  entire  amount  of  nitrogen  stored  in  the  filter  upon  Jan.  1,  1892, 
the  filter  still  contained  10  pounds  of  nitrogen.  At  the  end  of  1896, 
however,  three  and  one-half  years  after  this  last  removal  of  clogged 
sand,  no  more  nitrogen  was  stored  in  the  lower  54  inches  of  sand  of 
the  filter  than  in  May,  1893,  and  the  upper  9  inches  of  the  filter,  the 
new  material  added  in  May,  1893,  contained  a  little  less  nitrogen 
than  it  did  one  year  after  being  placed  in  the  filter. 

Filter  No.  6  stored  nitrogen  quite  steadily,  and  in  May,  1892,  2 
inches  of  sand  containing  2.7  pounds,  and  in  September,  1893,  2 
inches  containing  about  3.8  pounds  of  nitrogen  were  removed  from 
the  surface  of  the  filter.  Four  inches  of  clean  sand  were  added  to 
the  filter  to  take  the  place  of  that  removed,  but  within  a  year  the 
stored  nitrogen  had  increased  to  about  the  amount  now  present  in 
the  filter. 

Filter  No.  9  A,  during  a  portion  of  1892  and  1893,  was  used  for 
experimental  purposes  to  show  the  efiect  of  repeated  scraping  of  the 
surface  when  clogged  instead  of  the  weekly  raking  given  the  other 
filters.  On  March  14,  1893,  it  was  filled  to  its  original  depth,  and 
during  the  past  two  years  the  amount  of  stored  nitrogen  present  has 
varied  but  not  increased,  an  examination  at  the  end  of  1896,  showing 
the  same  amount  as  in  March,  1895. 

Since  1893  there  has  been  no  removal  of  filtering  material  from 
any  of  these  large  experimental  filters,  and  the  removal  or  destruc- 
tion of  the  large  amount  of  organic  matters  of  the  sewage  has  been 
accomplished  without  impairing  the  action  or  shortening  the  life  of 
the  filter.     That  is  to  say,  this  organic  matter  has  either  passed  from 
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the  filters  into  the  air  in  gaseous  forms  of  carbon  and  nitrogen  or  has 
united  with  a  base  and  passed  away  in  the  effluent  in  the  form  of 
mineral  salts  in  solution. 

Experiments  upon  Storage  and  Loss  of  Nitrogen. 

It  was  found  in  the  beginning  of  these  investigations  that  a  vary- 
ing proportion  of  the  nitrogen  applied  to  the  filters  was  not  stored 
in  the  filtering  materials,  neither  did  it  pass  away  in  the  effluent. 
Quite  a  large  number  of  examinations  of  filtering  materials,  which 
had  been  in  use  in  the  filters,  for  the  determination  of  the  nitrogen 
present,  together  with  determinations  of  the  nitrogen  applied,  and 
coming  away  in  the  effluent,  indicated  that  30  per  cent,  of  the 
applied  nitrogen  was  unaccounted  for.  Therefore  30  per  cent,  of 
the  nitrogen  was  considered  to  have  passed  into  the  air  in  gaseous 
forms. 

Tables  were  given  in  the  reports  of  1893  and  1894  to  show  the 
storage  or  loss  of  nitrogen  by  the  difierent  filters,  and  in  making  the 
calculations  for  the  figures  presented  in  the  tables  this  30  per  cent, 
factor  was  used ;  that  is  to  say,  to  the  total  nitrogen  found  in  the 
effluent  of  each  filter  30  per  cent,  was  added  and  this  sum  compared 
with  the  total  nitrogen  in  the  applied  sewage.  These  tables  were  of 
value  and  gave  an  approximation  of  the  actual  storage  or  loss  of 
nitrogen.  As  this  30  per  cent,  factor,  however,  was  determined  by 
examining  small  samples  of  sand  taken  from  the  large  amount  in  the 
filters,  further  investigations  in  regard  to  storage  and  loss  of  nitro- 
gen have  been  made.  Another  reason  for  investigation  was  the  fact 
that  these  tables  showed  a  great  storage  of  nitrogen  in  some  of  the 
filters  of  fine  material  which  continued  in  efficient  service^ 

For  this  experiment  three  small  tube  filters  were  started,  each 
filled  with  sand  of  a  diSerent  effective  size,  the  total  amount  of  sand 
used  in  each  filter  being  so  small  that  it  could  all  be  mixed  in  a  pail 
and  representative  samples  obtained.  These  filters  were  operated 
for  six  months  and  nitrification  was  active  in  each  of  them.  An 
average  sample  of  all  sewage  applied  was  collected  and  analyzed,  the 
organic  nitrogen  being  determined  by  the  Kjeldahl  process ;  the  en- 
tire effluent  of  each  filter  was  collected  and  analyzed,  and  at  the  end 
of  the  experiment  the  entire  body  of  sand  in  each  filter  was  examined 
for  nitrogen  present. 

These  three  filters  were  known  as  E,  F  and  O.  E  was  of  sand 
of  an  effective  size  of  0.04  millimeter,  F  of  sand  of  an  effective  size 
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of  0.17  millimeter,  and  G  of  sand  of  an  effective  size  of  0.48  milli- 
meter. Filter  E  received  sewage  at  the  rate  of  25,000  gallons  per 
acre  daily  and  filters  F  and  G  at  the  rate  of  50,000  gallons  per  acre 
daily. 

The  average  total  nitrogen  in  the  sewage  used  is  shown  by  the  fol- 
lowing table.  The  total  nitrogen  is  the  organic  nitrogen,  determined 
by  the  Kjeldahl  process,  plus  the  nitrogen  of  the  free  ammonia. 

Average  Total  Nitrogen  in  Sewage  applied  to  Filters  Ej  F  and  O. 

[Parts  per  100,000.] 


May, 
June, 
July, 


4.41 
4.26 


4.03 


August, 8.64 

September, 4.10 

October, 6.00 

The  following  tables  show  the  monthly  averages  of  the  analyses 
of  the  effluents  of  filters  E,  F  and  G :  — 


Monthly  Averages  of  Analyses  of  Effluent  of  Filter  E, 

[Parts  per  100,000.] 


Ammonia. 

NrraooKN  as 

DATS  ~  180A. 

Free. 

Albuminoid. 

Nltratei. 

Nitrites. 

Total 
Nitrogen. 

May, 

Jane, 

Jaiy. 

Auitust, 

Beptember 

October, 

1.1700 

l.Olll 

0.0411 

0.2680, 

6.3700 

0.2128 

.1566 
.1013 
.0351 
.0644 
.0726 
.0444 

1.6110 
0.1321 
0.1846 
0.3908 
1.1703 
1.4770 

.0127 
.0054 
.0034 
.00J9 
.0027 
.00)2 

2.75 
1.05 
0.28 
0.73 
1.59 
1.72 

Average, 

0.6122 

.0701 

0.8126 

.0047 

1.37 

4 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  F, 

[ParU  per  100,000.] 


Ammonia.              i 

NiTROGKN  AS 

ToUl 
Nitrogen. 

1 

Datk-ISOA. 

I                                           1 

Free.        Albuminoid. 

Nitrates. 

Nitnt«s. 

May, 

.7138 

.0615 
.0;J33 
.0204 
.0176 
.0220 
.0284 

1.0460 
1.4478 
1.6710 
1.7246 
1.9S96 
1.6410 

1 
.0620 
.0165 
.0015 
.0009 
.0008 
.0007 

1.79 

JuDe,    ..•••••■ 

.1067 

1.61 

July, 

.0384 

1.64 

AUKUflt, . 

Beptember,  ....... 

October 

.0108 
.0090 
.0108 

1.76 
2.03 
1.78 

Average 

.1483 

.0305 

1 

1.6700 

.0131 

1.93 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  0. 

[Parts  per  100,000.] 


Date— 18011. 


Ammonia. 


Free. 


Albamlnoid. 


May,  . 
JuDe,  . 
July,  . 
Aagnat, 
September, . 
October, 
Average, 


1.1725 
0.0193 
0.0158 
0.0132 
0.0145 
0.0096 


0.2075 


.2800 
.0822 
.0478 
.0384 
.0405 
.0368 


.0876 


NiTROGBK  A8 


Nitrates. 


Nitrites. 


1.5177 
1.5850 
1.5976 
1.3634 
1.6180 
1.6140 


1.5493 


.1871 
.0026 
.0017 
.0021 
.0015 
.0009 


.0327 


Total 
Kitrugen. 


3.12 
1.74 
1.60 
1.48 
1.70 
1.68 


1.89 


Of  the  nitrogen  applied  to  E,  33  per  cent,  appeared  in  the  effluent 
but  there  was  no  increase  in  the  amount  of  nitrogen  stored  in  the 
sand,  thus  leaving  67  per  cent,  of  the  applied  nitrogen  unaccounted 
for. 

Of  the  nitrogen  applied  to  F,  46  per  cent,  appeared  in  the  effluent 
and  12  per  cent,  was  stored  in  the  sand,  leaving  42  per  cent,  unac- 
counted for. 

Of  the  nitrogen  applied  to  G,  44  per  cent,  was  found  in  the  effluent 
but  there  was  no  increase  in  the  amount  of  nitrogen  stored  in  the  sand, 
thus  leaving  56  per  cent,  unaccounted  for. 

These  experiments  were  carried  on  during  the  warmest  six  months 
of  the  year,  and  the  disappearance  of  nitrogen  was,  of  course,  greater 
than  would  be  the  average  for  the  entire  year,  but  the  results  are  in- 
teresting and  point  towards  two  conclusions :  First,  that  with  a  filter 
of  fine  sand  by  which  a  considerable  percentage  of  the  organic  mat- 
ters is  strained  out  and  held  near  the  surface,  a  larger  proportion 
of  nitrogen  passes  into  the  air  in  gaseous  forms  than  is  the  case  with 
a  filter  of  coarse  sand.  Second,  that  of  two  filters  of  comparatively 
coarse  sand  into  which  the  sewage  penetrates  easily,  the  one  in  which 
the  air  circulates  most  freely  will  store  the  least  nitrogen. 


Removal  of  Sludge  from  Sewage. 

Studies  of  different  methods  of  removing  sludge  have  been  con- 
tinued throughout  the  year,  as  follows :  — 

1.  Rapid  filtration  through  coarse  gravel  with  the  aid  of  a  cur- 
rent of  air  drawn  down  through  the  gravel. 
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2.  Rapid  filtration  through  coarse  gravel  with  the  aid  of  a  cur- 
rent of  air  forced  up  through  the  gravel. 

3.  Sedimentation. 

4.  Chemical  precipitation. 

5.  Straining  through  coke. 

Discussion  of  the  Several  Methods. 
Forced  Filtration  with  Aeration, 

m 

The  gravel  filters  15  B  and  16  B,  receiving  sewage  at  a  very  high 
rate  in  gallons  per  acre  and  aerated  by  means  of  a  current  of  air 
drawn  down  through  them,  have  been  continued  in  operation.  These 
filters  were  first  put  in  operation  in  July,  1892,  and  since  the  first 
part  of  1893  filtration  has  l)een  aided  by  the  air  current.  From  the 
time  the  aspirators  were  attached  to  the  filters  until  September,  1894, 
air  was  constantly  drawn  down  through  these  filters,  5^,^]^^  of  an  acre 
in  area,  at  the  rate  of  about  one  gallon  every  four  minutes.  On  the 
latter  date  the  method  of  aeration  was  changed  so  that  the  filters 
were  aerated  only  at  night  for  twelve  or  sixteen  hours.  Remarkable 
results  have  been  obtained  by  this  method  of  filtration  and  aeration, 
and  the  filters,  operating  at  average  rates  of  about  450,000  gallons 
per  acre  daily  during  1893,  1894  and  1895,  and  350,000  gallons  per 
acre  daily  during  1896,  have  shown  on  difierent  years  a  removal  of 
organic  matter  of  the  applied  sewa«^e  varying  from  60  to  85  per  cent. 
A  large  proportion  of  this  removed  organic  matter  has  l)een  oxidized 
within  the  filter,  but  enough  has  accumulated  from  time  to  time 
in  the  filters  to  render  its  removal  necessary  if  the  filters  were  to 
be  continued  in  service.  This  removal  has  been  accomplished,  on 
several  occasions  during  1894  and  1895,  by  flushing  the  filters  out 
with  city  water  or  removing  the  entire  filtering  material  and  washing 
it.  Early  in  1896  the  filters  again  became  so  badly  clogged  by  the 
storage  of  organic  matter  that  it  was  necessary  to  remove  it.  Allow- 
ing the  filters  to  rest  and  increasing  the  air  supply  was  resorted  to, 
but  apparently  this  had  little  efiect  upon  the  organic  matter,  for, 
upon  starting  filtration  of  sewage  again,  nitrification  could  not  be 
established.  As  an  experiment,  city  water  was  applied  at  a  low 
rate  for  a  few  days  and  the  filters  aerated.  In  this  medium  nitrifi- 
cation in  Filter  15  B  became  active,  and  the  stored  organic  matter 
was  nitrified  and  carried  away  in  the  effluent  in  such  an  amount  that 
the  filter  has  since  been  in  good  condition  and  successful  operation. 
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Filter  16  B,  however,  was  so  badly  clogged  that  the  filtering  mate- 
rial had  to  be  removed  and  washed. 

The  rate  of  filtration  has  been  lower  during  the  remainder  of  1896, 
in  order  to  avoid,  if  possible,  this  storage  of  organic  matters  in  the 
filters. 

Filtration  through  Ghravel  with  a  Current  of  Air  forced  up  through  the  Gravel. 

Experiments  carried  on  during  1895,  upon  rapid  filtration  through 
gravel  and  coke  aided  by  a  current  of  air  forced  up  through  the 
filters  by  a  fan  blower,  were  described  in  the  report  for  that  year. 

One  result  of  this  experiment  was  to  prove  that  the  fan  blower 
could  not  force  air  through  the  clogged  surfaces  of  the  filters,  as  of 
course  was  necessary  if  the  air  in  the  main  body  of  the  filtering  ma- 
terial was  to  be  frequently  renewed. 

Early  in  1896  a  somewhat  similar  experiment  was  started.  A 
filter  containing  5  feet  in  depth  of  gravel  of  the  same  grade  as  in 
filters  15  B  and  16  B  was  constructed  and  the  air  supply  was  forced 
up  through  the  filter  by  means  of  a  pressure  pump.  This  pump  is 
run  by  electric  power  and  pumps  slightly  more  than  18  gallons  of 
air  per  minute,  as  determined  by  careful  measurements.  The  filter 
has  received  sewage  at  the  rate  of  352,000  gallons  per  acre  daily  in 
ten  equal  doses  between  7  a.m.  and  5  p.m.  It  has  been  aerated  be- 
tween each  application  of  sewage  for  fifteen  minutes,  making  a  total 
period  of  aeration  of  one  hundred  and  fifty  minutes  daily,  and  the 
total  quantity  of  air  pumped  into  the  filter  2,700  gallons  daily,  or 
three  and  one-half  times  the  entire  capacity  of  the  filter  tank  when 
empty  and  about  eight  times  the  air  capacity  or  open  space  of  the 
filtering  material  when  in  position. 

From  the  beginning  of  operation  of  the  filter  nitrification  has  been 
active  and  fully  equal  to  that  obtained  in  filters  Nos.  15  B  and  16  B, 
but  the  percentage  removal  of  organic  matter  has  not  been  equal  to 
that  obtained  by  these  filters.  This  is  owing  to  the  fact  that  the 
effluents  of  15  B  and  16  B  pass  through  trapped  outlets  and  are 
better  strained,  while  Filter  No.  66  has  very  many  openings  or  out- 
lets for  its  effluent,  and  the  organic  matter,  not  nitrified  or  lost  into 
the  air,  passes  down  through  these  outlets  instead  of  being  strained 
out  and  stored,  as  is  the  case  in  15  B  and  16  B.  (For  details  of 
operation  of  Filter  No.  66  see  page  502.) 
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Farther  Purtjication  of  the  Effluents  of  Filters  15  B,  16  B  and  66. 

This  rapid  filtration  gives  at  best  but  partially  purified  effluents, 
and  the  rate  at  which  these  effluents  can  be  further  purified  by  ordi- 
nary sand  filtration  has  been  continuously  studied,  together  with  the 
preliminary  filtration.  Filter  No.  12  A,  containing  5  feet  in  depth 
of  sand  of  an  effective  size  of  0.19  millimeter,  has  received  the 
combined  effluents  of  filters  Nos.  15  B  and  16  B  for  the  pas^t  five 
years.  The  highest  average  rate,  in  gallons  per  acre  daily,  obtained 
by  this  filter  was  in  1893,  —  745,000  gallons.  (See  table  and  discus- 
sion, page  482,  report  of  1895.)  Its  rate  during  1896,  exclusive  of 
the  month  of  May,  when  it  was  resting,  has  been  478,000  gallons  per 
acre  daily.  As  these  three  filters,  Nos.  12  A,  15  B  and  IB  B,  are  of 
the  same  area,  the  rate  for  the  combined  area  has  been  160,000  gal- 
lons per  acre  daily.  The  effluent  of  Filter  No.  12  A  has  been  of 
most  excellent  quality  (see  page  493).  The  effluent  of  Filter  No. 
66  has  been  ap[)lied  to  Filter  No.  67,  containing  5  feet  in  depth  of 
sand  of  an  eflective  size  of  0.19  millimeter.  The  average  rate  of 
filtration  obtained  by  this  filter  has  been  608,500  gallons  per  acre 
daily.  As  Filter  No.  66  is  of  twice  the  area  of  Filter  No.  67,  the 
rate  for  the  combined  area  has  been  203,000  gallons  per  acre  daily. 
This  rate  has  been  maintained  with  difficulty,  the  surface  of  No.  66 
needing  constant  attention  and  the  removal  of  a  large  amount  of 
clogged  sand.     (For  details  of  operation  see  page  502.) 

Sedimentation. 

For  several  years  the  supernatant  sewage  obtained  by  allowing 
regular  sewage  to  stand  and  settle  for  a  definite  period  has  been  ap- 
plied to  a  sand  filter.  This  filter  is  known  as  Filter  No.  13  A  and 
in  1893  received  sewage  at  the  rate  of  416,000  gallons  per  acre 
daily.  This  rate  was  reduced  to  210,000  gallons  per  acre  daily  in 
January,  1894,  and  on  July  1  of  the  same  year  to  160,000  gallons 
per  acre  daily,  at  which  rate  the  filter  has  since  been  operated. 

The  sewage  applied  to  this  filter  at  the  present  time  is  fully  as 
strong  in  units  of  unoxidized  nitrogen  as  was  the  regular  sewage 
during  the  first  years  of  operation  of  the  station. 

The  effluent  of  the  filter  has  been  of  a  satisfactory  quality,  but  the 
nitrogen  stored  in  the  filtering  material  is  increasing.  (For  details 
of  operation  of  Filter  No.  13  A  see  page  495.) 
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CliemicaX  Precipitation. 

Since  January,  1893,  the  supernatant  sewage  from  regular  sewnjre 
which  has  been  allowed  to  settle  for  four  hours  after  treatment  with 
crude  alum,  at  the  rate  of  1,000  pounds  per  million  gallons,  has 
been  applied  to  a  sand  filter.  This  filter  contains  5  feet  in  depth  of 
sand  of  an  effective  size  of  0.17  millimeter.  During  1893  the  aver- 
age rate  of  filtration  was  267,000  gallons  per  acre  daily,  with  a  max- 
imum rate  of  640,000  gallons  during  November.  This  rate  was 
reduced  on  Jan.  1, 1894,  to  360,000  gallons  per  acre  daily,  and  upon 
July  1  of  the  same  year  to  200,000  gallons  per.  acre  daily,  at  which 
rate  the  filter  has  since  been  operated. 

The  quality  of  the  effluent  of  this  filter  has  been  almost  uniformly 
satisfactory,  but  the  stored  nitrogen  of  the  filter  is  slowly  increasing. 
(For  details  of  operation  of  Filter  No.  19  during  1896  see  page  497.) 

Sirainiirg  through  Coke. 

Since  June  1,  1894,  sewage  which  has  passed  through  a  thin  layer 
of  coke  breeze  has  been  applied  to  a  sand  filter  containing  5  feet  in 
depth  of  sand  of  an  effective  size  of  0.19  millimeter.  During  1894 
the  rate  of  application  was  345,000,  during  1895  307,000,  and  dur- 
ing 1896  280,000,  gallons  per  acre  daily. 

The  effluent  of  the  filter  has  been  of  a  satisfactory  quality,  but  the 
nitrogen  stored  in  the  filter  is  gradually  increasing.  (For  details 
of  operation  of  Filter  No.  14  A  during  1896  see  page  496.) 

Conclusions. 

The  chief  benefit  derived  from  the  method  of  rapid  filtration  and 
aeration  is  the  destruction  of  a  considerable  percentage  of  the  crude 
organic  matter  or  sludge  contained  in  the  sewage.  By  sedimenta- 
tion or  chemical  precipitation  we  only  concentrate  this  sludge  in  a 
small  volume  of  the  sewage.  It  is  true,  however,  that  we  do  not  by 
the  amount  of  aeration  given  our  coarse  filters  destroy  all  the  crude 
organic  matter  of  the  sewage,  as  some  comes  away  in  the  effluent 
and  some  remains  stored  in  the  filters.  With  more  aeration  a  larger 
proportion  of  this  organic  matter  would  be  oxidized,  but  not  an 
amount  proportional  to  the  increased  aeration.  The  results  ob- 
tained here  and  elsewhere  with  this  method  have  been  remarkable, 
but  its  practical  operation  depends  upon  obtaining  the  high  efficiency 
of  the  coarse  filters  at  a  reasonably  low  cost  for  the  power  used  to 
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supply  the  air  current,  and  our  experiments  have  tended  to  show 
that  this  cost  is  prohibitive.  Our  best  results  with  this  method  gave 
a  quantitative  efficiency  of  248,000  gallons  per  acre  daily  as  calcu- 
lated upon  the  total  area  of  gravel  and  sand  filters.  (See  page  482, 
report  of  1895.)  This  was  with  newly  constructed  filters  and  a 
sewage  not  as  strong  as  that  which  is  now  pumped  at  the  station. 
This  rate  is  no  greater  than  that  at  which  newly  constructed  filters, 
receiving  the  supernatant  sewage  from  sedimentation  or  chemical 
precipitation,  can  be  operated,  and  it  is  reasonably  certain  that  the 
sludge  resulting  from  these  methods  can  be  taken  care  of  more  cheaply 
than  it  can  be  oxidized  or  burnt  up  in  the  aerated  gravel  filters. 
When  coke  breeze  can  be  obtained  and  the  sewage  given  a  prelim- 
inary treatment  before  sand  filtration  by  being  passed  through  this 
breeze  at  a  high  rate  in  gallons  per  acre  daily,  the  organic  matters 
of  the  sewage  can  be  removed  from  the  entire  body  of  the  sewage 
as  completely  as  chemical  precipitation  removes  them  from  the  main 
body  of  the  sewage.  There  is  no  resulting  sludge  liquor  from  this 
coke-straining  process,  and  the  clogo;ed  coke  can  be  removed  from 
time  to  time  and  burned,  the  sludge  being,  of  course,  held  by  it  and 

burned  with  it. 

Yearly  Averages. 

The  eight  following  tables  present  the  average  analyses  of  "  regu- 
lar" sewage  for  each  year  of  operation  of  the  station,  together  with 
the  average  yearly  analysis  of  the  effluent  of  each  of  the  large  filters 
^^-Q  of  an  acre  in  area,  during  their  entire  period  of  operation  up  to 
Jan.  1,  1897. 

Comparison  by  Tears  of  the  Composition  of  **  Regular  ^'^  Sewage  obtained  at  the 
Experiment  Station,  with  the  Average  Quantities  pumped  and  the  Local 
Annual  Rainfall, 

[Parts  per  100,000.] 


Average 
Quantity 

of 
Sewage 
FUtered. 

Oalloni 
per  Day. 

Annual 
RalnfaU. 

Inches. 

• 

§ 

a 
a 

•< 

I 

Albuminoid  Ammonia. 

1 

Oxygen 

Consumed. 

-a 

li 

TSAB. 

1 

6 
Z 

I 

1 

1 

B 

Hi 

V  3  « 

1888, 

1889, 

1890, 

1891, 

1892, 

1893, 

1894,     , 

1895, 

1896,     . 

• 

2,280 
8,410 
8,360 
2,780 
2,590 
2,850 
2,000 
2,280 
2,000 

2,600 

55.11 
47.64 
51.78 
40.00 
84.98 
41.96 
82.35 
89.05 
88.64 

1.55 
1.84 
1.82 
2.2-i 
2.45 
2.68 
8.43 
4.05 
4.08 

0.69 
0.55 
0.69 
0.73 
0.75 
0.63 
0.63 
1.00 
0.78 

.16 
.29 
.88 
.34 
.84 
.31 
.26 
.28 
.81 

.58 
.26 
.81 
.89 
.41 
.82 
.37 
.72 
.47 

.42 

5.19 
4.92 
5.45 
7.87 
8.83 
8.57 
8.07 
11.48 
10.12 

8.25 
8.64 
4.22 
3.45 
3.54 
5.10 
4.14 

2.40 
2.41 
2.62 
3.02 
8.24 
8.28 
8.85 
4.96 

4.n2 

1,000,000 

708,000 

1,085.000 

098,000 

809,000 

92.H,000 

1,829,900 

2,9U7,u0O 

4,887,000 

Av< 

srage 

«,     . 

42.88 

2.68 

0.72 

.80 

7.72 

8.91 

8.87 

1,588,000 
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Yearly  Averaget  ofAnaly$es  of  Effluent  of  Filter  No.  1. 

(P»rU  p«r  100,000.] 


Quantity 
Applied. 

Gallons 
per  Acre 

Dally 

for  81x 

Days  In  a 

Week. 

Tempera- 
ture. 

Deg.F. 

Ammovia 

e 

i 

NiTBOOKN  A8 

• 

a 

1 

Oxygen 

Consumed. 

o 
Z 

Ybab. 

i 

i 

e 

1 

a 

< 

s 

• 

1 

Bacteria  per  Cii 
Centimeter. 

1888, 

63,400 

52 

.1823 

.0277 

4.97 

0.8000 

.0081 

1.00 

- 

U.8U 

1889, 

63,000 

64 

.0680 

.0283 

4.64 

1.4960 

.0017 

1.60 

- 

1,878 

1890,       . 

84,200 

68 

.1362 

.0392 

5.92 

1.8572 

.0039 

1.58 

.80 

16,877 

1801, 

116,800 

68 

.2367 

.0490 

7.57 

1.30S2 

.0222 

1.60 

.89 

20,000 

1892, 

124,100 

64 

.8092 

.0757 

8.32 

1.5237 

.0219 

1.92 

.54 

65.902 

1898, 

105,900 

68 

.6682 

.0965 

7.21 

2.1260 

.0288 

2.76 

.65 

99,802 

1884, 

70,800 

65 

.4719 

.0674 

9.33 

3.1300 

.0606 

3.68 

.45 

78,800 

1805, 

67,400 

66 

.8880 

.0847 

11.74 

2.6792 

.1000 

3.65 

.09 

65,900 

1896,       . 

56,800 

66 

.8646 

.0543 

9.35 

2.9800 

.0618 

8.43 
2.36 

.43 

80,800 

Averai 

re,    . 

82,400 

64 

.8580 

.0581 

I    7.67 

1 

1.9317 

.0382 

.49 

41,880 

Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No.  2, 

[Parts  per  100,000.] 


Quantity 
Applied. 

Gallons 
per  Acre 

Daily 

for  Six 

Days  In  a 

Week. 

Tempera- 
ture. 

Deg.  F. 

Ammohia. 

i 

KlTROOXK  A8 

• 

1 

Oxygen 

Consumed. 

JO 

Tbab. 

1 

•6 
•5 

a 
a 

a 

i 

• 

s 

Bacteria  per  Cu 
Ceutlmeier. 

1888,       . 

28,200 

61 

.1825 

.0129 

4.85 

0.6630 

.0168 

0.85 

- 

1,346 

1889,       .       .       . 

82,000 

53 

.0063 

.0089  ! 

4.91 

1.1010 

.0045 

1.13 

- 

49 

1890, 

50,600 

68 

.0083 

.0102  ' 

5.44 

1.6250 

.0003 

1.65 

.09 

102 

1801,       .       .       . 

50.800 

58 

.8141 

.0258 

7.59 

1.0461 

.0083 

1.35 

.22 

93 

1802,       . 

24,500 

53 

.6768 

.0283 

8.03 

1.4445 

.0070 

1.97 

.23 

82 

1803,       . 

40,300 

61 

.2816 

.0233 

7.03 

2.4070 

.0569 

2.73 

.19 

2,116 

1804,       . 

43,900 

68 

.1039 

.0173  1 

7.92 

2.8500 

.0138 

2.98 

.16 

630 

1806.       .        .       . 

33,700 

62 

.6753 

.0263 

10.36 

2.6700 

.0082 

8.19 

.25 

546 

1806,       .       . 

87,000 

64 

.8360 

.0267 

1 

9.81 

3.2800 

.0027 

8.60 

.21 

49 

Average,    . 

88,900 

68 

.2649 

.0200 

7.33 

1.8985 

.0132 

2.16 

.19 

551 
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Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No.  4. 

[P*rt«  par  100,000.] 


quantity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 

Days  In  a 

Week. 

Tempera- 
ture. 

Deg.  F. 

Ammoxia. 

i 

1 

s 

NiTBOOKH  A8 

• 

e 

1 

Oxygen 

Consumed. 

Tkab. 

1 

c 

a 
1 

< 

^ 

s 

i 

Bacteria  per  Ci 
Centluietcr. 

1888, 

28.700 

61 

.3102 

.0348 

4.62 

0.2200 

.0020 

0.63 

- 

803 

1889, 

20,000 

58 

.0104 

.0122 

4.29 

0.6420 

.0002 

0.67 

- 

86 

1890. 

38,200 

62 

.0018 

.0126 

6.00 

1.2660 

.0000 

1.26 

.14 

294 

1891, 

41,400 

62 

.0581 

.0163 

6.62 

1.4475 

.0008 

1.62 

.17 

60 

1892,        . 

41,800 

68 

.6226 

.0542 

6.96 

0.6807 

.0027 

1.20 

.79 

94 

1893, 

82,300 

62 

.0891 

.0313 

6.61 

1.4636 

.0034 

1.28 

.86 

48 

1894.       . 

20,100 

64 

.4786 

.0330 

7.86 

1.6242 

.0061 

1.98 

.42 

119 

1896. 

16,800 

66 

.0863 

.0190 

9.41 

2.0600 

.0020 

2.12 

.19 

819 

189«, 

19,000 

64 

.2291 

.0281 

10.31 

2.7800 

.0042 

8.02 

.19 

71 

Averafi 

f«.    . 

28,000 

63 

.1928 

.0267 

6.86 

1.8416 

.0024 

1.64 

.82 

203 

Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No  5  A, 

[ParU  per  100,000.] 


Qoantlty 
Applied. 

Gallons 

per  Acre 

DaUy 

for  81x 

Days  in  a 

Week. 

1 

Tempera- , 
tiire. 

Deg.  F. 

Ammokia. 

6 
1 

NiTSOOKK  A8 

• 

e 
s 

I 

Oxygen 

Consumed. 

Ybab. 

i 

• 

1 

a 

a 
< 

1 

i 

Bacteria  per  Cu 
Centimtter. 

1891,       . 

64,000 

63 

.3818 

.0418 

7.48 

0.8700 

.0116 

1.22 

.32 

99,090 

1892,       .        .       . 

94,400 

64 

.8150 

.0980 

8.66 

1.1384 

.0278 

1.99 

.09 

99,090 

1893,       . 

119,200 

68 

.5843 

.1266 

7.67 

1.8208 

.0188 

2.62 

.72 

214,102 

1894,       . 

90,600 

64 

.6474 

.0878 

0.11 

2.6700 

.0382 

8.88 

.66 

106,700 

1896,       .       . 

68,800 

66 

.9945 

.1161 

11.83 

2.4700 

.0214 

8.60 

.75 

162,600 

1896,       .        .        . 

66,100 

66 

.9807 

.1424 

12.76 

3.0300 

.0700 

4.14 

1 

.86 

169.600 

Average,    . 

82,100 

64 

.7266     .1011 

9.48 

1.9998 

.0804 

2.79 

.65 

138,847 
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Yearly  Averages  of  Analyses  of  Effluent  of  Filter  No.  6. 

[ParU  per  100,01)0.] 


Quantit/ 
Applied. 

Gallons 

per  Acre 

DallT 

fornix 

Dura  in  a 

Week. 

Tempera- 
tare. 

Deg.  F. 

Ammonia. 

• 

« 

8 

NiTtOOBN  AS 

• 

8 

? 

1 

Oxygen 

Consamed. 

V 

Ybab. 

i 

•6 

o 

Q 

1 

S 

< 

1 

s 

i 

Bacteria  per  Cc 
Centimeter. 

1888,       .       .       . 

80,600 

62 

.0006 

.0180 

4.71 

0.7060 

.0020 

0.80 

- 

8,083 

1880,       . 

41,000 

63 

.0063 

.0006 

4.60 

1.4204 

.0004 

1.44 

- 

620 

1800,   *  . 

66,200 

62 

.0006 

.0170 

6.46 

1.2340 

.0006 

1.27 

.10 

7,060 

1801,       . 

61,200 

62 

.1726 

.0802 

7.30 

1.3303 

.0027 

1.63 

.26 

6,473 

1802,       . 

46,000 

64 

.7066 

.0437 

8.42 

1.6170 

.0320 

2.23 

.40 

6,011 

1803,       . 

86,600 

63 

.4820 

.0610 

7.30 

2.1896 

.0006 

2.78 

.42 

11,700 

1804,       . 

64,300 

66 

.1780 

.0473 

0.80 

2.0800 

.0082 

2.30 

.43 

10,730 

1806,       . 

67,600 

63 

.7271 

.0608 

10.06 

2.6400 

.0707 

3.33 

.64 

20,884 

1806,       . 

66,800 

66 

.6067 

.0662 

10.40 

2.7300 

.1266 

8.46 

.68 

21,200 

ATermfl 

;e. 

66,300 

63 

.3300 

.0307 

7.68 

1.8616 

.0400 

2.13 

.30 

0,046 

Yearly  Averages  of  Analyses  of  Effluent  of  Filter  No,  9  A. 

[Parte  per  100,000.] 


QosntltT 
Applied. 

Gallons 

per  Acre 

Daily 

(brSix 

Days  In  a 

Week. 

Tempere- 
tnre. 

Deg.  F. 

Ammonia. 

• 

« 
a 

1 
g 

NITBOOBN  AS 

• 

a 

1 

Oxygen 

Consamed. 

2 

Ykab. 

1 

i 

a 
s 

s 

< 

• 

• 

1 

i 

Bacteria  per  Ca 
Centimeter. 

1800, 

1801,        . 

1802, 

1803,       .       . 

1804, 

1806,       .       . 

1806,       .       . 

110,000 
06,800 
68,100 

111,700 
68,809 
66,000 
66,300 

62 
64 
63 
64 
64 
64 

.8276 
.6004 
.6470 
.7244 
.6262 
.0863 
.6431 

.0460 
.0240 
.0384 
.0608 
.0432 
.0734 
.0608 

6.37 
8.26 
8.46 
7.82 
8.14 
0.84 
8.00 

0.0711 
1.3272 
1.3208 
1.0661 
2.0000 
2.6300 
3.1000 

.0087 
.0003 
.0123 
.0047 
.0070 
.0306 
.0364 

0.88 
1.70 
1.03 
2.66 
3.41 
3.40 
3.86 

.16 
.22 
.86 
.40 
.81 
.68 
.47 

4,686 
676 

2,401 
13,867 
14,030 
31,484 
17,700 

Average,    . 

82,400 

M 

.6047 

.0402 

8.08 

1.8002 

.0160 

1 

2.56 

.36 

12,042 
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Yearly  Averages  of  Analyses  of  Effluent  of  Filler  No.  10. 

[Parta  per  100,000.] 


Qnantlty 
Applied. 

Ammonia. 

NiTROOBH  AS 

• 

1 

e 

1 

S 

erlaperCn 
ntlmeter. 

Gallons 

Tempera- 

• 

s 

0 
• 

Tkab. 

per  Acre 
Dally 
for  Six 

ture. 
Deg.  F. 

• 

1 

i 

i 
i 

• 

5 

c5 

Dnya  In  a 
Week. 

I 

s 

J3 

5 

mm 

5 

O 

IS 

1804,       . 

160,000 

62 

.3370 

.0280 

18.90 

3.8283 

.oon 

8.15 

.20 

8,717 

1895, 

146,700 

53 

.6672 

.0459 

10.72 

2.4000 

.0334 

8.05 

.46 

15.580 

^OcrO|             •             •             • 

112,800 

64 

.3200 

.0451 

8.06 

8.0100 

.0578 

8.40 

.85 

5,366 

Average,    . 

189,800 

66 

.4887 

.0380 

11.22 

2.7444 

.0328 

8.20 

.34 

0,888 

Ashes  or  Cinders  as  Filtering  Materials. 

Towards  the  close  of  the  year  two  filters  were  put  in  operation, 
one  containing  4.5  feet  in  depth  of  coal  ashes  and  the  other  contain, 
ing  the  same  depth  of  cinders ;  that  is,  coal  ashes  from  which  the 
finer  material  has  been  removed.  Cinder  filters  are  in  use  in  many 
places  in  England  for  rapid  filtration  of  sewage  and  are  known  as 
'<  roughing"  filters,  and  the  material  is  valuable  for  filtration  pur- 
poses wherever  land  of  a  suitable  character  cannot  be  found,  or  for 
preliminary  filtration  before  disposal  upon  land ;  but  the  first  sys- 
tematic experiment  in  this  country  upon  their  use  for  the  complete 
purification  of  sewage  by  intermittent  filtration  was  made  by  Prof. 
Chas.  MacMillan  of  Princeton  University,  to  whom  we  are  indebted 
for  the  suggestion. 

The  two  filters  at  the  station  are  known  as  filters  Nos.  80  and  81. 
Filter  No.  80  is  of  ashes  and  receives  sewage  at  the  rate  of  70,000 
gallons  per  acre  daily.  The  effluent  of  the  filter  has  been  cjear  and 
bright  from  the  beginning  of  the  experiment,  but  nitrification  did  not 
begin  until  after  the  close  of  the  year.  Filter  No.  81  is  of  cinders 
and  has  received  sewage  at  the  rate  of  550,000  gallons  per  acre  daily. 
(For  details  see  page  504.) 

Average  Purification  op  Lawrence  Sewage  by  the  Several 

Filters  in  1896. 

The  following  table  gives  the  average  results  obtained  by  the 
filters  receiving  Lawrence  sewage  during  1896.  The  qualitative 
efficiency  of  the  filters  is  shown  by  the  percentage  removal  of  or- 
ganic matters  of  the  applied  sewage  as  indicated  by  the  albuminoid 
ammonia  and  oxygen  consumed. 
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Yearly  Averages  of  Analyaes  of  Effluent  of  Filter  No.  10, 

[Part,  per  100,000.1 


QaantItT 
Applied. 

Oallont 

per  Acre 

Dally 

for  Six 

Dnya  In  a 

Weeli. 

Tempera- 
ture. 

Deg.  F. 

Ammohia. 

6 

NITKOOBN  A8 

• 

1 

1 

Oxygen 

Consumed. 

e 
Z 

Tbab. 

• 

1 

• 

S 

o 

Q 

1 

1 

< 

1 

• 

Bacteria  per  Ci 
Centimeter. 

1804, 
1805, 
1896, 

160.000 
146.700 
112,800 

62 
53 
64 

.3370 
.6672 
.8200 

.0280 
.0450 
.0451 

.0380 

18.00 

10.72 

8.06 

3.8288 
2.4000 
8.0100 

.0077 
.0334 
.0578 

8.16 
8.05 
8.40 

.20 
.46 
.85 

.84 

8,717 

15,580 

6,866 

Average,    •       • 

180,800 

66 

.4887 

11.22 

2.7444 

.0328 

8.20 

0,888 

Ashes  or  Cinders  as  Filtering  Materials. 

Towards  the  close  of  the  year  two  filters  were  put  in  operation, 
one  containing  4.5  feet  in  depth  of  coal  ashes  and  the  other  contain, 
ing  the  same  depth  of  cinders ;  that  is,  coal  ashes  from  which  the 
finer  material  has  been  removed.  Cinder  filters  are  in  use  in  many 
places  in  England  for  rapid  filtration  of  sewage  and  are  known  as 
'<  roughing"  filters,  and  the  material  is  valuable  for  filtration  pur- 
poses wherever  land  of  a  suitable  character  cannot  be  found,  or  for 
preliminary  filtration  before  disposal  upon  land ;  but  the  first  sys- 
tematic experiment  in  this  country  upon  their  use  for  the  complete 
purification  of  sewage  by  intermittent  filtration  was  made  by  Prof. 
Chas.  MacMillan  of  Princeton  University,  to  whom  we  are  indebted 
for  the  suggestion. 

The  two  filters  at  the  station  are  known  as  filters  Nos.  80  and  81. 
Filter  No.  80  is  of  ashes  and  receives  sewage  at  the  rate  of  70,000 
gallons  per  acre  daily.  The  effluent  of  the  filter  has  been  c^lear  and 
bright  from  the  beginning  of  the  experiment,  but  nitrification  did  not 
begin  until  after  the  close  of  the  year.  Filter  No.  81  is  of  cinders 
and  has  received  sewage  at  the  rate  of  550,000  gallons  per  acre  daily. 
(For  details  see  page  504.) 


Average  Purification  of  Lawrence  Sewage  by  the  Several 

Filters  in  1896. 

The  following  table  gives  the  average  results  obtained  by  the 
filters  receiving  Lawrence  sewage  during  1896.  The  qualitative 
efficiency  of  the  filters  is  shown  by  the  percentage  removal  of  or- 
ganic matters  of  the  applied  sewage  as  indicated  by  the  albuminoid 
ammonia  and  oxygen  consumed. 
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Work  op  the  Filters  tor  1896. 

Filters  Nos.  1  to  10,  inclusive,  are  each  one  two-hundredth  of  an 
acre  in  area  and  are  out  of  doors  ;  filters  Nos.  12  to  21  A,  inclusive, 
are  one  twenty-thousandth  of  an  acre  in  area  and  within  the  build- 
ings ;  Filter  No.  59  is  one  ten-thousandth  of  an  acre  in  area.  Filter 
No.  66,  one  three-thousandth  of  an  acre  in  area,  and  Filter  No.  67, 
one  six-thousandth  of  an  acre  in  area.     These  three  filters  are  also 

within  the  buildings. 

Filter  No.  1. 

This  filter,  containing  60  inches  in  depth  of  coarse  sand  of  an  efifec- 
tive  size  of  0.48  millimeter,  was  in  good  condition  at  the  beginning  of 
the  year  and  nitrification  was  active.  On  Nov.  15, 1895,  the  filter  was 
covered  with  canvas  stretched  over  a  frame  and  this  cover  was  re- 
moved on  March  12.  The  surface  was  spaded  over  6  inches  deep  on 
April  6  and  again  on  October  23.  During  the  last  week  of  October 
following  this  last  spading  no  sewage  was  applied  to  the  filter. 

The  physical  condition  of  the  filter  was  excellent  throughout  the 
year,  the  applied  sewage  passed  readily  from  the  surface  and  the 
character  of  the  efiSuent  was  satisfactory,  as  shown  by  the  following 
table,  giving  the  monthly  averages  of  the  weekly  analyses :  — 

Effluent  of  Filler  No.  1. 

[Parts  per  100,000.] 


1S9II. 


January, 
Febniaryi 
March, 
April, 
May,  . 
Jane,  • 
July,  . 
August, 
September, 
October,     . 
November, 
December, 


Quan- 

tltv 
Applied. 

Oallont 

per  Acre 

Dally 

for8ix 

Days  In  a 

week. 


Average, 


60,000 
00,000 
86.000 
60,200 
60,200 
62,300 
67,800 
60,000 
60,000 
48,000 
55,200 
60,000 


66,800 


Tbmpbba- 

TDRB. 

Length  of 
Tfme 

Dko.  F. 

Sewage 

Remained 

on 

i 

• 

s 

Sorface. 

7 

Hoars  and 

1 

§ 

Minutes. 

48 

42 

9m. 

46 

40 

14m. 

47 

88 

7m. 

50 

45 

6m. 

59 

50 

8m. 

64 

66 

4m. 

70 

73 

5m. 

72 

76 

6m. 

63 

68 

18m. 

64 

56 

48m. 

48 

52 

55m. 

40 
56 

44 

55 

81m. 

17m. 

Appbabamcb. 


i 


Df  elded. 
Slight, 
v. slight. 
V.  slight. 
V.  slight. 
None. 
None. 
None, 
v.  slight. 
Slight. 
Blight. 
Decided. 


V.sUght. 


.80 
.84 
.21 
.20 
.13 
.13 
.12 
.10 
.12 
.14 
.14 
.48 


.20 


Ammomia. 


i 


1.1817 
0.8100 
0.2600 
0.3575 
0.0218 
0.0078 
0.0120' 
O.OO8II 
0.0882 
0.27501 
0.2850 
1.1175 


0.8646 


.1897 
.0787 
.0460 
.0510 
.0345 
.0291 
.0263 
.0222 
.0243 
.0490 
.0430 
.1090 

.0543 


6 

a 

i 


7.05 

5.60 

3.96 

7.65 

10.51 

12.05 

13.71 

11.011 

10.66 

10.32 

10.40 

0.19 


9.35 


KiTBOGBN 
AS 


i 


2.18 
1.57 
1.50 
2.84 
4.49 
8.87 
4.18 
4.01 
8.47 
2.90 
8.08 
1.79 


2.98 


.1658 
.1817 
.2283 
.1425 
.0024 
.0002 
.0013 
.0007 
.0005 
.0049 
.0077 
.0213 


.0618 


•8 


s 

a 

g 

M 

o 


1.08 
0.70 
0.61 
0.48 
0.27 
0.19 
0.22 
0.20 
0.21 
0.28 
0.26 
0.89 


0.48 


i3 
O 


II 


74,200 

118,200 

18,600 

18.200 

10.600 

6,900 

S.600 

8,400 

20,000 

18,000 

18.600 

49,000 


80,800 


Sewage  applied,  800  gallons  six  times  a  week,  except  from  October  23  to  November  6,  when  filter 
was  allowed  to  rest.  March  1  to  12,  experiment  interrupted  by  freshet.  Surface  raked  1  inch  deep 
each  week,  except  twice  in  January,  once  in  December  and  during  period  of  rest.  Surface  spaded  6 
inches  deep  April  6  and  October  23  March  12.  canvas  cover  removed.  June  18  to  August  81,  a  trap 
18  inches  high  was  attached  to  effluent  pipe.  During  March,  64  inches  of  snow  removed ;  during  Decern, 
her,  6  Inches  of  snow  and  4|  inches  of  Ice  removed. 
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Filter  No.  J?. 

This  filter  contains  60  inches  in  depth  of  fine  sand  of  an  effective 
size  of  0.08  millimeter,  with  two  trenches,  1  foot  wide  and  2  feet 
deep,  of  medium  fine  sand  of  an  effective  size  of  0.19  millimeter. 
It  has  been  in  good  condition  throughout  the  year  and  has  given  a 
clear,  bright,  well-purified  effluent. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 

the  effluent,  and  the  notes  below  give  the  management  of  the  filter 

during  the  year :  — 

Effluent  of  Filter  No,  2. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

OaUons 

p^r  Acre 

Dally 

for  Six 

Days  In  a 

Weeli 

Tkmpkra- 

TURB. 
Dbo.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surfice. 

Hours  and 
Minutes. 

Appkaramob. 

Ammohia. 

1 

3 

8.15 

NlTROOBM 
AS 

• 

•a 

§ 

a 

1 

Cubic 

1 

• 

i 

§ 

^ 

i 

a 

1 

1 

• 

•> .? 

1S9II. 

1 

«2 

s 

s 
G 

Bacteria  pei 
Centimeta 

January,    . 

84,100 

50 

41 

7h.  80m. 

v.  slight. 

.16 

0.9760 

.0432 

2.05 

.0182 

.40 

261 

February, . 

40,000 

46 

41 

6b.  16m. 

v.  slight. 

.15 

1.8740 

.0420 

5.61 

1.18 

.0072 

.29 

79 

March,       • 

29,200 

4S 

87 

Ih.  84m. 

None. 

.12 

0.9267 

.0287 

4.66 

1 

1.55 

.0018 

.24 

15 

April, 

40,000 

50 

48 

52m. 

None. 

.11 

0.5825 

.0830 

6.19 

2.90 

.0021 

.16 

26 

May,  . 

40,000 

60 

55 

80m. 

None. 

.00 

0.0002 

.0247 

10.27 

4.84 

.0000 

.18 

53 

Jane, .       • 

40,000 

64 

62 

15m. 

None. 

.08 

0.0084 

.0220 

10.17 

4.80 

.0000 

.17 

12 

July,  . 

37,000 

72 

68 

Om. 

None. 

.00 

0.0082 

.0356 

17.04 

4.23 

.0000 

.19 

0 

August,     . 

40,000 

74 

72 

12m. 

None. 

.00 

0.0021 

.0216 

17.10 

4.18 

.0000 

.20 

37 

September, 

40,000 

64 

68 

42m. 

None. 

.12 

0.0028 

.0185 

10.18 

4.00 

.0000 

.17 

15 

October,    . 

31,100 

54 

60 

Ih.  28m. 

None. 

.11 

0.0024 

.0192 

0.68 

8.70 

.0000 

.14 

0 

November, 

80,800 

48 

54 

lb.  25m. 

None. 

.07 

0.0014 

.0160 

9.70 

8.34 

.0002 

.12 

20 

December, 

85,000 

45 
56 

46 
54 

2h.  16m. 

None. 

.12 
.11 

0.1085 

.0240 
.0267 

9.00 
9.8| 

8.55 
8.28 

.0021 

.21 
.21 

54 

Average, 

87,000 

Ih.  56m. 

None. 

0.8860 

.0027 

40 

Sewage  applied,  200  gallons  six  times  a  week,  except  from  Ootober  23  to  November  6,  when  filter  was 
allowed  to  rest.  March  1  to  9,  experiment  interrupted  by  freshet.  Surface  of  trenches  raked  1  inch  deep 
each  week,  except  twice  in  January,  once  in  February  and  once  in  December.  February  6,  surface  of 
trenches  dug  over  to  a  depth  of  4  inches.  March  21  and  October  27,  sand  removed  from  trenches ;  sides  of 
trenches  scraped  and  raked,  and  bottom  of  trenches  dug  over  to  a  depth  of  from  3  to  5  inches ;  sand  replaced 
In  trenches.  August  1,  cut  grass  and  weeds  on  surface ;  weight  of  grass  and  weeds  170  pounds  8  ounces. 
During  January,  91  inches  of  snow  removed  from  entire  surface  and  4^  inches  of  Ire  from  surface  of 
trenches;  during  February.  14  Inches  of  snow  removed  from  entire  surface  and  2|  Inches  of  ice  from 
trenches;  during  March,  6)  inches  of  snow  removed  from  surface;  during  December,  74  inches  of  snow 
removed  from  surface  and  S|  inches  of  ice  from  trenehts. 

Filter  JSTo.  4. 

This  filter  contains  60  inches  in  depth  of  fine  river  silt  of  an  efiec- 
tive  size  of  0.04  millimeter,  with  two  circular  trenches,  about  14 
inches  wide  and  12  inches  deep,  of  coarse  sand  of  an  effective  size 
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of  0.48  millimeter.  The  surface  level  of  the  trenches  is  a  few  inches 
lower  than  the  surface  of  the  remainder  of  the  filter  and  upon  it 
the  sewage  is  applied.  The  filter  has  been  in  good  condition  through- 
out the  jear,  has  taken  the  applied  sewage  readily  and  given  a  clear, 
bright  and  well-purified  effluent.  During  the  summer  the  surface, 
with  the  exception  of  the  trenches,  was  covered  with  a  heavy  growth 
of  coarse  grass ;  this  was  cut  during  August  and  the  dry  weight  was 
at  the  rate  of  three  tons  of  hay  per  acre. 

The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  management  of  the  filter  during  the  year :  — 


Effluent  of  Filter  No.  4. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 
Days  In  a 

Week. 

Tbmpkra- 

TUBB. 

Length  of 

Time 

Sewage 

Bemaloed 

on 
Surface. 

Hours  and 
Minutes. 

Appbaramck. 

Ammonia. 

1-      Chlorine. 

NiTROOKM 
AS 

i 
a 

a 
« 
B 

8 

B 
» 

o 

Z 
a 

Dbo.  F. 

1 

1 

a 
H 

1 

i 

i 

• 

O 

B 

1 

5 

• 

! 

i 

55 

%^  .• 

18911. 

8. 

« 

« 

OD 

e 

9 

Bacteria  pe 
CenUmctci 

January,    . 

10,300 

60 

44 

8b.  6m 

None. 

.13 

0.0021 

.0153 

1.85 

.0023 

.17 

82 

February, . 

19,200 

46 

41 

12h.    - 

V.Bligbt. 

.15 

0.0875 

.0326 

7.80 

0.62 

.0059 

.29 

100 

March, 

15,400 

48 

88 

42m. 

None. 

.27 

0.1007 

.0486 

6.70 

0.87 

.0003 

.35 

288 

April, 

20,000 

40 

43 

28m. 

None. 

.21 

0.6525 

.0640 

6.46 

1.16 

.0202 

.80 

69 

May,  .       . 

20,000 

!    61 

64 

16m. 

None. 

.12 

1.0680 

.0688 

9.79 

8.79 

.0152 

.28 

128 

June, . 

20,000 

1 

66 

1 

62 

10m. 

None. 

.08 

0.7233 

.0293 

j 18.38 

5.03 

.0060 

.16 

14 

July,  . 

17,800 

78 

( 

68 

6m. 

None. 

.08 

0.0627 

.0211 

14.28 

2*.  65 

.0021 

.19 

22 

August,     . 

20,000 

74 

73 

Om. 

None. 

.08 

0.0031 

.0158 

16.80 

1 

3.96 

.0000 

.16 

11 

September, 

20,000 

64 

1 

69 

17m 

None. 

.08 

0.0030 

.0160 

|13.33 

8.88 

.0000 

.16 

107 

October,     . 

17,800 

54 

61 

lb.  8m. 

None. 

.10 

0.0020 

.0144 

1  9.98 

3.34 

.0000 

.12 

17 

Hovember, 

10,200 

48 

56 

lb.     - 

None. 

.07 

0.0012 

.0106 

i  9.60 

3.43 

.0000 

.10 

88 

December, 

19,800 

67 

43 
54 

lb.  58m. 

None. 

.07 
.12 

0.0038 

.0108 
.0281 

1  0.02 
10.31 

3.88 
2.78 

.0000 

.10 
.19 

86 

Average, 

19,000 

2b.  11m. 

None. 

0.2291 

.0042 

71 

Bewage  applied,  200  gallons  three  times  a  week,  except  from  October  28  to  November  6,  when  filter 
was  allowed  to  rest.  March  1  to  9,  experiment  Interrupted  by  freshet.  Burfaoe  of  trenches  raked  1  inch 
deep  each  week,  except  once  in  January  and  once  in  December.  February  8,  surface  of  trenches  dug  over 
to  a  depth  of  4  inches.  March  20  and  October  27,  sand  removed  from  trenches ;  sides  of  trenches  scraped 
and  raked,  and  bottoms  of  trenches  dug  over  to  a  depth  of  from  8  to  6  inches;  sand  replaced  in  trenches. 
August  1,  cut  grass  and  weeds  on  surface;  weight  of  grass,  170  pounds  14  ounces.  During  January,  7| 
inches  of  snow  removed  from  entire  surface  and  1|  inches  of  ice  from  trenches;  during  February,  16 
inches  of  snow  removed  from  surface  and  1  inch  of  ice  from  trenches;  during  March,  12  inches  of  soow 
removed  from  surface;  during  December,  8^  inches  of  snow  removed  from  surface  and  44  inches  of  ice 
from  trenches. 
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FUter  JVb.  5  A. 

This  filter,  of  fine  gravel  stones  of  an  effective  size  of  1.40  milli- 
meters, has  been  in  good  condition  and  taken  the  applied  sewage 
readily  throughout  the  year.  While  the  effluent  is  not  equal  in 
quality  to  effluents  from  the  filters  of  finer  material,  yet  it  has  con- 
tained on  an  average  only  20  per  cent,  of  the  organic  matter  of  the 
applied  sewage. 

The  monthly  averages  of  the  analyses  of  the  effluent  are  given  in 
the  following  table  and  notes  in  regard  to  the  operation  of  the  filter 
are  presented  below :  —  # 


Effluent  of  Filter  No,  5  A. 

[Parts  per  100,000.] 


Quan- 
Applied. 

Gallons 
per  Acre 
Daily    , 

for  Six  ! 
Days  in  a 

Week. 

Tkmpiba- 

TDBB. 
Dxo.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appxabamcb. 

Ammoioa. 

1 
10.88 

KiTBoexv 

AS 

• 

a 

a 
e 

1 

o 

2 

a 

6 

•5 

1 

1 

^ 

• 

1 

B 
S 

1 

1 

1 

t-  .• 

ISM. 

00 

i 
1 

Bacteria  pei 
Centimetei 

January,    . 

60,000 

47 

41 

eh.  87m. 

Oreat. 

.46 

1.8260 

.2168 

1.42 

.0760 

1.48 

441,600 

February, . 

67,800 

46 

80 

2h.  11m. 

Slight. 

.86 

1.6471 

.1646 

8.42 

1.48 

.2029 

l.OI 

227,000 

March, 

40,800 

46 

87 

16m. 

Decided. 

.40 

1.0067 

.1120 

6.07 

1.78 

.2867 

0.91 

266,000 

April, 

00,000 

[ 

60 

46 

87m. 

Decided. 

.88 

0.0660 

.1280 

8.68 

2.96 

.2300 

0.89 

162,000 

May,  .       . 

00,000  1 

61 

60 

8m. 

Decided. 

.82 

0.4060 

.1116 

16.04 

4.76 

.0062 

0.64 

193,000 

Judo,  .       • 

60,000  1 

1 

66 

67 

12m. 

Slight. 

.21 

0.2800 

.1240 

24.24 

4.64 

.0016 

0.66 

48,700 

July,  . 

63,300  ; 

78 

78 

10m. 

V.slight. 

.16 

0.1627 

.0620 

18.13 

3.86 

.0013 

0.29 

68,100 

August,     . 

68,800 

74 

76 

12m. 

Decided. 

.21 

0.4000 

.1860 

14.90 

4.06 

.0026 

0.68 

138,000 

September, 

60,000 

66 

68 

27m. 

Decided. 

.26 

0.7650 

.1340 

12.14 

8.19 

.0014 

0.78 

161,000 

October,    . 

48,100 

64 

66 

20m. 

Decided. 

.84 

1.1600 

.2160 

11.87 

3.38 

.0017 

1.21 

67,000 

November, 

66,200 

48 

68 

24m. 

Decided. 

.23 

1.6000 

.1660 

18.01 

2.72 

.0090 

1.16 

166,000 

December, 

69,400  1 

47 
66 

44 

66 

26m. 

Decided. 

.20 
.80 

1.3800 

.1640 
.1424 

11.20 
12.76 

2.31 

.0216 

0.81 

88,700 

Average, 

66,100 

Ih.      - 

Decided. 

0.0807 

3.03 

.0700 

0.86 

159,600 

Sewage  applied,  January  1  to  6, 160  galloDS  twelve  times  a  week ;  January  7  to  14,  600  gallons  three 
tiroes  a  week ;  January  16  to  December  31, 800  gallons  six  times  a  week,  except  from  October  2.^  to  No- 
vember 6,  when  fitter  was  allowed  to  rest.  March  1  to  10,  experiment  interrupted  by  freshet.  Surface 
raked  1  inch  deep  each  week,  except  once  in  January  and  twice  in  December.  Surface  dug  over  6  inches 
deep  on  April  27  and  November  17.  June  18  to  August  31,  a  trap  18  inches  high  was  atUched  to  effluent 
pipe.  During  January,  8^  Inches  of  snow  and  1|  inches  of  ice  removed  from  surface;  during  February, 
17  inches  of  snow  and  1|  inches  of  Ice  removed ;  during  March,  12|  Inches  of  snow  removed;  daring  De- 
cember, 10|  inches  of  snow  and  2^  inches  of  lee  removed. 
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Filter  No.  6. 

This  filter  coDtains  44  inches  in  depth  of  mixed  coarse  and  fine  sand 
of  an  efiective  sfze  of  0.35  millimeter.  It  has  been  kept  in  good 
physical  condition  throughout  the  year,  has  disposed  of  the  applied 
sewage  readily  and  has  given  an  effluent  of  a  satisfactory  quality. 

The  following  table  presents  the  rate  of  filtration,  the  monthly 
averages  of  the  analyses  of  the  effluent  and  the  notes  below  give  the 
details  of  operation :  — 

Effluent  of  Filler  No.  6. 

[Parts  per  lOO.OOO.j 


Qoan- 

llty 
Applied. 

Oallont 

per  Acre 

Dally 

for  Six 
Days  in  a 

Week. 

Tbmpkba- 

TUBB. 

Dbg.  F.  . 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hoarsand 
Minutes. 

Appbabavcb. 

Ammomia, 

6 
1 

6 

8.13 

lllTROOBN 
▲8 

• 

a 

o 
■ 

§ 

c 

1 

o 

1 

9 

6 

1 

i 

5 

• 

1 

o 
e 

a 

• 

m 

s 
S 

• 

1 

s 

5*5 

h.  ^ 

l«»ll. 

• 

1 

s 

s 

mi 

January,    • 

60,300 

40 

80 

6h.  16m. 

Decided. 

.42 

1.6600 

.1848 

0.66 

.1980 

1.32 

109,100 

February,  . 

01,6Oa 

40 

89 

6h.  18m. 

Slight. 

.37 

1.7649 

.1100 

6.24 

1.17 

.2367 

0.77 

61,000 

March, 

43,800 

46 

37 

36m. 

Slight. 

.38 

1.1133 

.0863 

6.24 

1 

1.22 

.3933 

1.29 

29,700 

April, 

67.300 

49 

46 

17m. 

v.  alight. 

.30 

1.0280 

1 

.0724 

7.38 

2.78 

.6600 

1.09 

12,700 

May,  . 

00,000 

60 

60 

11m. 

v.  slight. 

.18 

0.0601 

.0417 

13.11 

4.84 

.0340 

0.33 

3,600 

June,  •       • 

00,000 

66 

68 

13m. 

V.  slight. 

.20 

0.0068 

.0806 

12.18 

4.26 

.0000 

0.26 

2,600 

Jaly,  . 

60,700 

72 

73 

18m. 

V.  slight. 

.16 

0.0272 

.0307 

16.78 

3.77 

.0001 

0.26 

1,200 

Anguat,     . 

60,000 

74 

76 

22m. 

None. 

.12 

0.0141 

.0286 

14.62 

8.69 

.0001 

0.26 

8,100 

September, 

60,000 

66 

68 

19m. 

V  slight. 

.14 

0.0318 

.0389 

11.69 

3.16 

.0003 

0.22 

4,200 

October,    . 

48,000 

64 

67 

34m. 

None. 

.14 

0.1800 

.0820 

9.36 

2.91 

.0010 

0^21 

7,100 

November, 

66,400 

47 

61 

82m. 

None. 

.18 

0.2760 

.0360 

12.21 

3.31 

.0096 

0.26 

6,800 

December, 

68,100 

46 
66 

42 
66 

Ih.  63m. 

Slight. 

.84 

.24 

1.1800 

.1020 
.0662 

9.23 
10.49 

1.60 
2.78 

.0878 

0.70 
0.68 

10,900 

Average, 

60,800 

lb.  24m. 

v.  slight. 

0.6067 

.1266 

21,200 

Sewage  applied,  800  gallons  six  tiroea  a  week,  except  from  January  6  to  14,  when  It  was  applied  600 

riUoDs  three  times  a  week,  and  from  October  23  to  November  6,  when  filter  was  allowed  to  reat.  March 
to  9,  experiment  interrupted  by  freshet.  Surface  raked  1  inch  deep  each  week,  except  twice  in  Decern- 
ber.  Surface  dug  over  6  Inches  deep  March  31  and  August  31 ;  from  6  to  8  inches  deep  on  October  23, 
and  4  inches  deep  December  20.  During  January,  9j^  inches  of  snow  and  3|  Inches  of  tee  removed  from 
surface;  during  February,  134  Inches  of  snow  and  3|  inches  of  ice  removed;  during  March,  124  InohM 
of  snow  removed ;  during  December,  17  Inches  of  soow  and  84  Inches  of  ice  removed. 

Filter  m.  9  A. 

This  filter  contains  5  feet  in  depth  of  sand  of  an  effective  size  of 
0.17  millimeter.  It  has  been  in  good  condition  throughout  the  year, 
has  taken  the  applied  sewage  readily  and  has  given  an  effluent  of  a 
satisfactory  quality.  The  average  rate  of  filtration  has  been  56,300 
gallons  per  acre  daily. 
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Tbe  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  give  the  details  of  operation  for  the  year :  — 

Effluent  of  Filter  No.  9  A. 

[ParU  per  100,000.] 


Qaan- 

Applfed. 

Gallons 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Tbmpksa- 

TDKK. 
Dbo.  F. 

Length  of 

Time 

Sewsge 

Bemained 

on 
Surface. 

Hours  and 
Jllnotes. 

Appbarakob. 

1 
Ammonia. 

1 

1,      Chlorine. 

OP 

NiTROOBN 
AB 

1 

a 

1 

a 

s 

• 

t 
1 

i 

i 

• 

1 

a 

1 

0 

• 

1 

• 

1 

7\ 

t-  .• 

i8e«. 

• 

1 

«3 

i 

• 

Bacteria  pei 
Centlmetei 

Janaary,    . 

66,300 

47 

40 

13b.  17m. 

Deoided. 

.42 

2.4750 

.1670 

0.90 

.0760 

1.18 

60,800 

February ,  . 

60,200 

46 

87 

7h.  4m. 

Sligbt. 

.63 

1.0629 

.1286 

6.82 

0.89 

.0714 

0.88 

02,000 

March,       . 

43,800 

43 

87 

2h.    - 

Sllgbt. 

.40 

0.7000 

.0787 

6.74 

1.16 

.1633 

0.71 

19,300 

AprU, 

63,100 

48 

46 

28m. 

v.  Blight. 

.22 

0.2680 

.0438 

7.67 

4.43 

.1015 

0.30 

4,900 

May,  .       . 

60,000 

60 

67 

14m. 

v.  Blight. 

.16 

0.0142 

.0328 

10.84 

4.73 

.0003 

0.26 

1,124 

JoDe,  • 

61,600 

64 

66 

11m. 

None. 

.12 

0.0084 

.0242 

8.61 

4.30 

.0002 

0.20 

354 

July,  . 

67.800 

71 

72 

8m. 

v.  Blight. 

.12 

0.0120 

.0263 

12.44 

4.29 

.0004 

0.21 

398 

Aagott,     • 

60,000 

73 

74 

7m. 

None. 

.11 

0.0087 

.0216 

10.38 

4.14 

.0001 

0.26 

4» 

September, 

60,000 

64 

68 

31m. 

v.  Blight. 

.10 

0.0266 

.0191 

8.17 

3.02 

.0002 

0.18 

186 

October,    . 

48,000 

64 

66 

Ih.SOm. 

None. 

.12 

0.0289 

.01761 

9.26 

3.20 

.0004 

0.17 

96 

NoTember, 

66,800 

47 

62 

lb.  61m. 

N'one. 

.13 

0.1400 

.0260 

0.02 

3.46 

.0001 

0.27 

162 

December, 

60,400 

46 
66 

44 
64 

16b.  86m. 

Decided. 

.43 
.24 

2.0776 

.1440 

9.18 
8.90 

1.82 
3.19 

.0238 

0.02 
0.47 

14.000 

Average, 

66,300 

3h.40m. 

v.  Blight. 

0.6431 

.0608 

.0364 

1 

17,700 

Sewage  applied,  300  gallona  six  tlmea  a  week,  except  from  January  1  to  15.  when  It  was  applied  600 
gallons  three  times  a  week,  and  from  October  23  to  November  6.  when  filter  was  allowed  to  rest.  March 
1  to  9,  experiment  Interrupted  by  freshet.  Surface  raked  1  inch  deep  each  week.  Surface  duic  over  2 
inches  deep  on  Pebruary  4;  6  tnobea  deep  on  March  31.  June  15.  August  31 ;  6  to  8  inches  deep  on  October 
23.  Prom  Pebruary  7  to  March  31  four  treDohea  2  feet  wide  and  3  inohea  deep  were  cut  in  the  surface. 
During  January, 7  iochea  of  boow  and  6|  inches  of  ice  removed  from  surface;  during  February,  13^ 
inches  of  snow  and  {  inch  of  ice  removed;  during  March,  184  inchea  of  anow  removed;  during  Decern- 
ber,  14  inehea  of  anow  and  %\  inchea  of  ice  removed. 

Filter  JVb.  10. 

This  filter  is  one  two-hundredth  of  an  acre  in  area  and  contains  5 
feet  in  depth  of  mixed  coarse  and  fine  sand  of  an  efiective  size  of 
0.35  millimeter.  No  gravel  underdrains  are  beneath  the  sand  ex- 
cept directly  above  and  around  the  outlet  pipe.  A  partition,  extend- 
ing 3  feet  below  the  surface,  separates  the  quarter  of  the  surface 
farthest  from  the  underdrains  from  the  remainder  of  the  surface. 
To  this  quarter  of  the  surface  the  sewage  has  been  applied  during 
1896  at  a  rate  of  120,000  gallons  per  acre  daily  for  this  quarter 
area,  or  30,000  for  the  entire  area  of  the  filter.  With  this  rate  and 
method  of  construction  and  operation  very  satisfactory  results  have 
been  obtained  during  the  entire  year. 
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The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  state  the  details  of  operation  of  the  filter :  — 

Effluent  of  Filter  No,  10. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Tkmpbra- 

TDHB. 

Dsa.  F. 

Lensth  of 

Time 

Sew  axe 

APPBABAirOB. 

Ammonia. 

KITROOBM 
AS 

• 

1 

a 

3 

a 
U 

Bacteria  per 
Centimeter. 

19»6. 

Oallone 
per  Acre 

Dally 

forKlx 
Days  in  a 

Week. 

• 

1 

« 

s 

Remained 

on 
Surface. 

Hnnraand 
Minutes. 

• 

1 

1 

1 

1 

1 

< 

e 
1 

e 

7.82 

• 

1 

1 

a 

e 

1 

O 

Jaoaary,    . 

80,000 

45 

40 

8h.      - 

V.  Slight. 

.84 

1.0480 

.0884 

1.05 

.1800 

.71 

6.296 

February,  . 

30,000 

46 

88 

4h.  16m. 

Slight. 

.29 

0.9815 

.1000 

6.80 

1.05 

.1875 

.65 

41.067 

March, 

21,000 

48 

86 

Ih.  20m. 

V  slight. 

.20 

0.5800 

.0547 

5.86 

1.56  .2583 

.70 

18,800 

April, 

26,500 

48 

42 

43m. 

V.  slight. 

.16 

0.2040 

.0485 

7.84 

8.77 

.1108 

.87 

1,882 

May.  .       . 

80,000 

60 

67 

8m. 

None. 

.12 

0.0878 

.0813 

10.41 

4.72  .0005 

.21 

180 

Jnoe, . 

80,400 

64 

66 

8m. 

None. 

.18 

0.0840 

.0427 

9.89 

4.85!.0003 

.21 

129 

July,  . 

28.000 

72 

78 

4m. 

V.  slight. 

.12 

0.0847 

.0271 

12.41 

8.55 

.0001 

.20 

175 

Aav^st,     . 

80.000 

73 

74 

7m. 

V.  slight. 

.11 

0.0898 

.0205 

9.77 

8.65 

.0001 

.21 

160 

September, 

80.000 

68 

69 

61m. 

V.  slight. 

.08 

0.0565 

.0257 

9.90 

8.36 

.0003 

.19 

855 

Oetober,     . 

24.400 

54 

61 

16m. 

1  None. 

.10 

0.0058 

.0184 

8.66 

3.61 

.0010 

.15 

213 

November, 

27.600 

47 

58 

21m. 

None. 

.12 

0.1600 

.0810 

10.89 

2.65 

.0069 

.19 

355 

December, 

28.900 

45 
65 

45 
64 

Ih.      - 

V.  slight. 

1 

.20 
.16 

0.6700 

.0585 
.0451 

9.26 
8.96 

2.29 
8.01 

.0470 

.41 
.85 

1,754 

Average, 

28.200 

Ih.      - 

V.  slight. 

0.8209 

.0678 

6,866 

Sewage  applied,  150  gallons  six  times  a  week,  except  from  October  28  to  November  6,  when  filter 
was  allowed  to  rest.  March  1  to  9.  experiment  interrupted  by  freshet.  That  part  of  surfooe  to  which 
sewage  is  applied  has  been  raked  1  inch  deep  each  week,  except  once  in  January  and  once  in  December. 
March  81,  the  entire  surface  dug  over  6  inches  deep;  August  81,  surface  to  which  sewage  is  applied  dog 
over  6  inches;  October  28,  surface  to  which  sewage  Is  applied  dug  over  8  inches  and  the  remainder  of 
surface  6  inches.  October  28,  the  grass  and  weeds  pulled  from  the  entire  surface.  During  January,  8 
inches  of  snow  and  t  inch  of  ice  removed  from  that  part  of  surface  to  which  sewage  is  applied;  during 
February,  16^  inches  of  snow  and  ( inch  of  ice  removed;  during  March,  184  inches  of  snow  removed; 
during  December,  12  inches  of  snow  and  4i  inches  of  Ice  removed. 

Filters  Nos.  12  A,  15 B  and  16  B. 

Filter  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  filters  Nos.  15  B  and  16  B  contain  65 
inches  in  depth  of  gravel  stones  of  an  effective  size  of  5.40  milli- 
meters. Filter  No.  12  A  receives  as  much  of  the  efliuents  of  filters 
15  B  and  16  B  as  it  is  capable  of  disposing  of,  and,  during  1896,  its 
average  rate  of  filtration  has  been  443,000  gallons  per  acre  daily, 
with  a  maximum  rate  of  676,000  gallons  in  June.  The  quantitative 
capacity  of  the  filter  decreased  during  the  first  four  months  of  the 
year.  On  April  9  the  surface  was  spaded  to  a  depth  of  8  inches  and 
during  the  greater  part  of  May  the  filter  was  allowed  to  rest.  Dur- 
ing the  following  five  months  it  was  capable  of  receiving  nearly  the 
entire  volume  of  the  efiluents  of  filters  Nos.  15  B  and  16  B.  In  No- 
vember it  again  became  clogged  and  was  spaded  over  to  a  depth  of 
6  inches  four  times  between  November  14  and  December  2,  and  upon 
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December  3  the  upper  foot  of  material  was  spaded  over  and  thor- 
oughly mixed. 

Filters  Nos.  15  B  and  16  B  were  receiving  sewage  at  the  rate  of 
480,000  gallons  per  acre  daily  during  the  first  months  of  the  year. 
At  this  rate  the  filters  became  clogged  and  were  allowed  to  rest  with 
continuous  aeration  from  May  1  to  11,  inclusive.  This  air  drawn 
through  the  filters  at  the  rate  of  one  gallon  every  four  minutes  im- 
proved the  condition  of  the  filters  but  slightly,  and,  beginning  May 
12,  city  water  was  applied  to  the  filters  in  twelve  applications  daily 
and  at  a  total  rate  of  120,000  gallons  daily,  the  filter  being  aerated 
for  eight  hours  each  night.  With  this  method  of  operation,  which 
was  continued  for  one  week,  the  nitrogen  stored  in  Filter  No.  15  B 
was  rapidly  nitrified  and  removed  as  nitrates  in  solution,  but  Filter 
No.  16  B  was  so  badly  clogged  that  finally  the  entire  filtering  mate- 
rial had  to  be  removed,  washed  and  replaced.  Since  June  1  the  fil- 
ters have  been  operated  at  an  average  rate  of  360,000  gallons  per  acre 
daily,  and  both  were  in  good  condition  at  the  end  of  the  year. 

The  following  tables  give  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  details  of  operation  during  the  year :  — 


Effluent  of  Filter  No.  12  A. 

[Parte  per  100,000.] 


Quan- 
tity 
Applied. 

Oallons 
per  Acre 

Daily 

forSlx 

Days  In  a 

Week. 

TsMPsaA- 

TUHB. 

Length  of 

Time 

Sewage 

Kemalned 

on 
Surface. 

Hours  and 
Minutes. 

Appbasaxob. 

Ammonia. 

i 
i 

o 

8.22 
7.16 
0.38 
8.40 

I0T72 
10.32 
112.10 
11.07 
12.00 
9.00 
9.80 

10.10 

NrraooBV 

A8 

Oxygen  Consumed.     1 

0 

Dbo.  F. 

• 

1 

1 

1 

• 

o 

B 

1 

i 

2 

h  J 

189II. 

i 

•1 

i 
^ 

^1 

If 
1^ 

January,    . 
February, . 
March, 
AprU, 
May,  .       . 
June, . 
July,  . 
Augoat, 
September, 
October,    . 
November, 
December, 

361,000 
403.000 
282,000 
380.000 
02,000 
070,000 
060,000 
000.000 
032.000 
694.000 
400,000 
204,000 

40 
40 
80 
62 

86 
70 
77 
02 
61 
61 
46 

66 

40 
40 
46 
61 

86 
71 
74 
02 
62 
68 
48 

60 

Oh.      - 
2h.  37m. 
3h.  80m. 
Ih.  86m. 

44m. 
Ih.  16m. 

63m. 
Ih.    7m. 

64m. 
Ih.  10m. 

None. 
None. 
None. 
None. 

1  None, 
v.  Blight, 
v.  slight, 
v.  slight. 
None. 
None. 
None. 

.21 
.10 
.17 
.24 

.18 
.20 
.17 
.16 
.14 
.10 
.10 

.17 

.0082 
.0011 
.0077 
.0871 

.0106 
.0018 
.0021 
.0030 
.0080 
.2204 
.0060 

.0218 
.0107 
.0192 
.0236 

.0224 
.0266 
.0180 
.0207 
.0198 
.0208 
.0230 

.0211 

1.72 
1.48 
1.86 
1.66 
(8.93) 
2.06 
2.49 
8.19 
2.82 
2.90 
4.07 
8.83 

.0002 
.0000 
.0001 
.0002 

.0002 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.29 
.20 
.22 
.23 

.21 
.20 
.20 
.22 
.22 
.18 
.17 

.22 

103 

80 

248 

990 

874 
831 
202 
016 
1,120 
200 
085 

Average, 

443.000 

2h.      - 

1 
None. 

.0272 

2.60 

.0001 

484 

Six  gallons  of  effluent  of  filters  Nos.  16  and  10  applied  nineteen  tlmea  a  week,  Jannary  1  to  March  10: 
8  gallons  of  effluent  of  No.  16  applied  twenty-four  tlmee  a  week,  March  20  to  April  20;  0  gallons  of 
effluent  of  Noa.  16  and  10  twenty-ionr  times  a  week,  April  21  to  May  1 ;  0  gallons  twelve  times  a  week. 
May  22  to  May  30;  all  the  effluent  of  Noa.  16  and  10,  twenty -fonr  time*  a  week,  June  1  to  December  2;  6 
gallons  of  No.  15  effluent  twelve  times  a  week,  December  2  to  December  81.  March  1  to  10  and  April  17 
to  20,  experiment  interrupted  by  freahet.  May  1  to  21  and  November  17  to  22,  filter  rested.  Surface 
raked  8  inches  deep  twice  each  week.  Sand  disturbed  8  inches  deep  on  April  9  and  0  inches  deep  on  the 
following  dates :  November  14, 17, 27,  December  2.  December  8,  1  foot  of  aand  removed,  thoroughly 
mixed  and  replaced  in  tank. 
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Effluent  of  Filter  No  15  B. 

[ParU  p«r  100,000.] 


Quan- 
Applied. 

Qallons 

per  Acre 

Dally 

for  Six 
Days  In  a 

Week. 

TlMPKBA- 
TDBB. 

Length  of 

Time 

Sewage 

Remained 

on 
Suiface. 

Hours  and 
Minutes. 

Appbabanob. 

Ammonia. 

1 

e 

0.08 

6.40 

6.64 

8.17 

1.71 

10.66 

16.83 

12.00 

11.20 

11.56 

12.87 

0.50 

0.66 

lilTBOQEir 
A8 

• 

s 

a 

1 

e 
S> 

1 

5 

Dkg.  F. 

S3 
1 

a 

1 

• 

o 

c 

a 

JO 

1 

■ 

s 

k,  .• 

IftAH. 

i 

1 

i 
i 

is 

^ 

January,    . 
February,  . 
March, 
April, 
May,  . 
June, . 
July,  • 
August,     . 
Beptember, 
October,     . 
November, 
December, 

480,000 
480,000 
883.800 
426,200 
80,400 
383.100 
846,700 
360,000 
860,000 
360,000 
288,000 
360,000 

48 
47 
45 
62 
68 
68 
74 
75 
66 
65 
51 
47 

58 

47 
47 
43 
50 
66 
64 
70 
77 
61 
51 
51 
46 

66 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

Decided. 

Decided. 

Decided. 

Oreat. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided . 

Decided. 

.41 
.44 

.56 
.80 
.66 
.50 
.68 
.57 
.36 
.33 
.33 
.27 

.50 

0.6640 
0.5325 
1.3000 
1.4876 
0.6600 
0.7567 
0.0050 
0.3400 
0.3060 
0.2000 
0.4600 
0.2040 

.1628 
.1206 
.2633 
.2076 
.1100 
.1103 
.1680 
.0860 
.0880 
.0030 
.1080 
.0028 

.1340 

1.60 
0.78 
0.86 
0.73' 
5.33' 
2.641 
2.05 
2.80' 
3.06' 
3.78' 
8.36 
3.15 

2.60 

1 

.0172 
.0263 
.0053 
.0063 
.0070 
.0067 
.0005 
.0200 
.0120 
.0106 
.0006 
.0008 

1.02 
1.40 
0.86 
1.00 
0.30 
0.66 
0.50 
0.46 
0.41 
0.67 
0.70 
0.56 

206,000 
236.000 
440,000 
418.000 
6.500 
120.700 
128,500 
134,000 
182.600 
141,500 
266,000 
124,400 

Average, 

364,000 

None. 

Decided. 

0.6671 

.0117 

0.72|  208,400 

Bewage  applied,  2  gallons  seventy-two  tlmea  a  week.  January  1  to  May  1 ;  ^  gallon  of  city  water 
seventy-two  times  a  week,  May  12  to  21 ;  |  gallon  of  sewage  seventy-two  tlmea  a  week.  May  22  to  30;  1 

Sallon  of  sewage  seventy-two  times  a  week,  June  1  to  7;  2  gallons  of  sewage  seventy-two  times  a  week, 
une  8  to  16;  !(  gallona  of  sewage  seventy-two  times  a  week,  June  17  to  December  31.  May  1  to  11  and 
November  17  to  22,  filter  allowed  to  rest.  March  1  to  10  and  April  17  to  20,  experiment  interrupted  by 
freahet.  Filter  was  aspirated  two  hours  each  morning.  January  I  to  April  30;  continuously.  May  1  to 
11 ;  eight  hours  each  night,  May  12  to  December  81,  except  from  November  17  to  22,  when  aspirator  was 
run  continuously.  March  10,  top  6  inches  of  gravel  removed,  washed  and  replaced.  Surface  raked  8 
inchea  deep  once  each  week.  Surface  spaded  12  Inches  deep  May  4  and  6  inches  deep  November  17. 
Underdralna  washed  out  with  city  pressure,  October  21  and  December  16. 


Effluent  of  Filter  No,  16  B, 

[Parts  per  100,000.] 


Quan- 
Applled. 

Gallons 
per  Acre 

Dally 

for  Six 
Days  In  a 

Week. 

Tempbba- 

TCBB. 
Dbo  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appeabavob. 

Ammonia. 

§ 

0.88 

6.30 

6.82 

0.23 

2.62' 

0.27 

16.13 

13.06 

11.02 

11.06 

13.06 

0.22 

0.66 

.VlTBOOKN 
AS 

B 

s 

J 

s 

1 

1 

a 

6 

3 

H 

i 

1 

• 

1 

a 

1 

< 

• 

I 
s 

• 

5 

1S9II. 

1 

a 

0) 

a 
U    1 

II 

January,    . 
February,  . 
March, 
April, 
May,  . 
June, . 
July.  . 
August,     . 
Beptember, 
October,     . 
November, 
December, 

480,000 
480.000 
110,800 
186,200 
78.800 
888,100 
840,000 
360,000 
300,000 
360,000 
288.000 
860,000 

48 
47 
46 
52 
68 
68 
74 
76 
66 
66 
61 
47 

58 

45 
44  ! 

86 
53 
65 
65 
70 
76 
62 
51 
50 
44 

55 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

Decided. 

OroHt. 

Great. 

Great. 

Great. 

Decided. 

Great. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

0.87 

0.42, 

0.64 

0.67 

4.60 

0.75 

0.06 

0.84 

0.67 

0.67 

0.48 

0.42 

0.00 

0.8180 
1.1386 
0.2300 
2.3167 
1.3000 
2.3633 
2.6000 
0.2200 
1.2760 
1.4000 
1.6000 
1.0480 

.1888 
.2020 
.2600 
.3867 
.2600 
.2187 
.3000 
.0620 
.2310 
.1310 
.1770 
.1706 

.2106 

1.24 
0.36 
0.01 
2.66 
0.06 
1.08 
0.82 
2.80 
1.60 
1.01 
3.02 
2.03 

1.60 

.0312 

.01661 

.0020 

.0083 

.00001 

.0007! 

.0100' 

.0170' 

.0145' 

.0060 

.0070 

.0066 

.0107 

1.11 
1.07 
1.70 
1.33 
1.06 
1.06 
1.37 
0.46 
1.00 
1.07 
1.21 
0.83 

604,000 

404,000 

184,000 

1,000,500 

87,000 
272.300 
810.000 

71.000 
480,500 

00.500 
401,000 
226,800 

Average, 

815,600 

None. 

Decided. 

1.8676 

1.26 

858,400 

Sewage  applied,  2  gallons  seventy-two  times  a  week,  January  1  to  May  11,  except  from  March  18  to 
April  10  and  May  1  to  11,  when  filter  was  allowed  to  rest;  May  12  to  21,  city  water  applied  \  gallon 
seventV'two  tlmea  a  week;  May  22  to  80.  sewage  applied  i  gallon  seventy-two  times  a  week;  June  1  to 
7. 1  gallon  applied  seventy-two  tiroes  a  week;  June  8  to  16,  2  gallons  applied  seventy-two  times  a  week; 
June  17  to  December  81, 1^  gallona  aeventy-two  timea  a  week,  except  from  November  17  to  22,  when  filter 
was  allowed  to  rest.  March  1  to  10.  experiment  interrupted  by  f  reanet.  Filter  was  aaplrated  eight  hours 
each  night  except  during  periods  of  rest,  when  appirator  waa  run  continuously.  March  10,  top  6  inches 
of  gravel  removed,  washed  and  replaced.  April  21  to  July  21,  trap  removed  during  the  day,  and  attached 
to  faucet  only  while  filter  was  being  aaplrated  during  the  night.  July  22,  filter  waa  emptied  and 
washed  out,  and  gravel  washed  and  replaced  Surface  raked  3 Inches  deep  once  each  week.  Snrftioe 
spaded  12  inr^hea  deep  on  May  4  and  6  Inchea  deep  on  November  17.  May  20,  filter  fiushod  out  with  ct^ 
water  from  below  for  ooa  hour.    Underdralns  waahed  out  with  city  preaanre  October  21  and  December  16. 
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FUter  No.  13  A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  for  four  hours. 
The  average  rate  of  filtration  during  1896  has  been  152,000  gallons 
per  acre  daily.  The  filter  has  been  in  good  condition  during  the 
year,  has  disposed  of  the  applied  sewage  readily  and  its  efiiuent  has 
been  of  a  satisfactory  quality. 

The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  details  of  operation  of  the  filter :  — 


Effluent  of  Filler  No,  13  A. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Oallons 

per  Acre 

Daily 

for  8ix 

Days  in  a 

Week. 

Trmpbra- 

1UBB. 

Dko.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hour*  and 
Minutes 

Appkasamck. 

Ammokia. 

• 

« 
8.56 

KlTKOOBM 
AS 

• 

§ 
1 

e 

1 

o 

o 

S 

s 

6 

•3 

2 

1 

i 

1 

i 

2' 

• 

i 

.        t 

IftAH. 

I 

% 

Bacteria  pci 
Centimeter 

January,    . 

1«0,000 

40 

45 

14m. 

None. 

.13 

.0748 

.0258 

8.46 

.0057 

.22 

326 

February,  . 

100,000 

40 

50 

15m. 

None. 

.12 

.0187 

.0^ 

7.40 

2.46 

.0003 

.10 

821 

March, 

111.000 

46 

45 

16m. 

None. 

.12 

.0518 

.0175 

6.42 

3.03 

.0008 

.15 

822 

April, 

141,600 

66 

51 

18m. 

None. 

.18 

.0667 

.0311 

8.24 

4.07 

.0016 

.15 

707 

May,  .       . 

160,000 

66 

61 

18m. 

None. 

.13 

.0770 

.0315 

0.88 

4.02 

.0007 

.20 

808 

June, . 

106,000 

71 

65 

11m. 

None. 

.12 

.1420 

.0320 

10.34 

3.24 

.0006 

.10 

244 

July,  • 

154,000 

77 

70 

12m. 

None. 

.12 

.0873 

.0242 

14.25 

2.08 

.0008 

.10 

77 

August,     . 

160.000 

77 

74 

10m. 

None. 

.12 

.0001 

.0273 

11.14 

8.87 

.0004 

.22 

102 

Beptemher, 

160,000 

66 

67 

11m. 

None. 

.11 

.0104 

.0254 

10.66 

2.64 

.0000 

.17 

53 

October,    . 

160,000 

55 

57 

14m. 

None. 

.18 

.0070 

.0325 

12.33 

3.05 

.0001 

.21 

88 

November, 

128,000 

54 

53 

15m. 

None* 

.00 

.2807 

.0805 

0.16 

3.70 

.0003 

.20 

407 

December, 

160,000 

40 
60 

47 
57 

13m. 

None. 

.18 
.12 

.2420 

.0328 
.0276 

0.40 
0.82 

3.42 
3.34 

.0001 

.24 

274 

Average, 

151,700 

14m. 

None. 

.0060 

.0000 

.10 

818 

Settled  sewage  applied,  4  gallons  twelve  times  a  week.  No  sewage  applied  November  17  to  22. 
March  1  to  tO  and  April  17  to  20,  experiment  interrupted  by  freshet.  Surface  raked  3  inches  deep  twice 
each  week.  Surface  dug  over  8  inches  deep  April  0,  and  6  inches  deep  on  the  following  dates :  June  27, 
August  1,  November  17. 
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Filter  No.  14  A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  h|is  received  since  June  1,  1894, 
sewage  which  has  been  first  strained  through  a  shallow  layer  of  coke 
breeze.  The  average  rate  of  filtration  during  1896  has  been  280,000 
gallons  per  acre  daily.  This  rate  was  too  great,  considering  the 
strength  of  the  applied  sewage,  and  resulted  in  clogging  the  filter 
quite  seriously  towards  the  end  of  the  year.  From  December  8  to 
28,  inclusive,  city  water  was  applied  at  the  rate  of  80,000  gallons 
per  acre  daily  and  considerable  of  the  stored  organic  matter  was 
removed. 

The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  details  of  operation  of  the  filter :  — 


Effluent  of  Filler  No,  14  A, 

[Parts  per  100.000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six 

Days  In  a 

Week. 

Tkmpkba- 

TUBK. 

Length  of 

Time 

Sewiige 

Kemamed 

on 
Surface. 

Hours  and 
Minutes. 

APPBABANOa. 

Ammovia. 

6 

S 
8.18 

NiTROOBK 
AS 

i 
1 

a 

1 

o 

1 

Dbo.  F. 

1 

i 

1 

• 

1 

e 

a 

< 

• 

1 

! 

1 

• 

1 

55 

a-  .• 

18M. 

1 

1 

Effluent 

Bacteria  pei 
Centlmetei 

Janaary,    . 

820,000 

40 

47 

89m. 

V.  Slight. 

.22 

0.2644 

.0306 

2.86 

.0084 

.86 

1,99ft 

February,  . 

206,000 

40 

47 

Ih.  14m. 

V.  alight. 

.43 

0.6049 

.0698 

6.78 

1.57 

.0168 

.61 

6,466 

March, 

221,500 

40 

42 

40m. 

V.  slight. 

.16 

'o.0148 

.0217 

6.98 

1.92 

.0000 

.22 

048 

April, 

288,000 

66 

62 

81m. 

V.  slight. 

.23 

0.0429 

.0876 

8.33 

2.86 

.0010 

.32 

1,M6 

May,  . 

820,000 

M 

00 

16m. 

V.  slight. 

.16 

0.0422 

.0829 

11.85 

8.47 

.0002 

.28 

1,411 

June, . 

882,400 

71 

04 

18m. 

V.  slight. 

.24 

0.2726 

.0408 

15.46 

8.77 

.0012 

.31 

1,842 

July,  . 

802,200 

77 

70 

17m. 

V.  slight. 

.17 

0.0086 

1 

.0880 

16.98 

8.28 

.0000 

.24 

849 

August,     • 

818,800 

77 

72 

16m. 

None. 

.16 

0.0028 

.0880 

13.91 

8.06 

.0008 

.29 

1,413 

September, 

820.000 

M 

66 

19m. 

None. 

.16 

0.0070 

.0834 

14.84 

3.34 

.0000 

.26 

22t 

October,    • 

820,000 

66 

66 

42m. 

V.  slight. 

.89 

0.6017 

.0676 

12.75 

2.07 

.0003 

.54 

660 

November, 

240,000 

64 

62 

Ih.  47m. 

None. 

.28 

0.0820 

.0880 

8.89 

2.67 

.0010 

.31 

1,660 

December, 

111,000 

40 
00 

47 
66 

Ih.  16m. 

^one. 

.84 
.24 

1.4663 

.0744 
.0488 

6.93 
10.78 

8.13 
2.79 

.0017 

.44 

.84 

8,442 

Average, 

270,900 

41m. 

V.  slight. 

0.2909 

1 

.0026 

1,771 

Fonr  gallons  of  sewage  strained  through  coke  applied  twenty 'four  times  a  week,  January  1  to  De- 
cember 7 ;  1  gallon  of  dty  water  twelve  times  a  week,  December  8  to  28 ;  4  gallons  of  sewage  twenty- 
fonr  times  a  week,  December  29  to  81.  No  sewage  applied  Febraary  19  to  23  and  November  17  to  22. 
March  1  to  10  and  April  17  to  20,  experiment  Interrupted  by  freshet.  Surface  raked  3  Inches  deep  twice 
each  week.  Surface  dug  over  8  inches  deep,  February  19,  April  9,  Deeember  7,  and  6  Inches  deep  on  the 
following  dates :  Jone  27,  Angoit  1,  November  10  and  17. 


No.  34.] 


FILTRATION  OF  SEWAGE. 


497 


Filter  No.  19. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  for  four  hours 
after  treatment  with  sulphate  of  alumina  at  the  rate  of  1,000  pounds 
per  1,000,000  gallons.  The  filter  has  received  this  clarified  sewage 
at  an  average  rate  of  190,000  gallons  and  has  given  a  satisfactory 
effluent. 

Effluent  of  FiUer  No.  19. 

[PftrU  per  lOO.OOO.] 


Qoan- 

AppUed. 

Gallons 

perAere 

Dallj 

for  Six 

Dariina 

Week. 

Tbmpbba- 

TUBB. 

Dao.  F. 

Length  of 

Tbne 

Sewage 

Remained 

on 
Sarfkce. 

Hours  and 
Mlnntet. 

Appbakaiios. 

Ammovia. 

1 

s 

8.22 

NlTBOOBV 

▲a 

• 

1 

1 

1 

1 

• 

1 

o 

a 

< 

1 

as 

• 

ft.  .i 

199%. 

1 

i 

i 

|l 

•Janaary,    . 

900,000 

48 

48 

28m. 

None. 

.18 

.8826 

.0480 

2.78 

.0888 

.82 

1«086 

Pabmary, . 

900,000 

48 

48 

18m. 

V.  alight. 

.16 

.6490 

.0806 

7.61 

2.18 

.0888 

.30 

2,608 

March, 

188,600 

48 

80 

28m. 

V.  alight. 

.18 

.7078 

.0807 

8.88 

1.97 

.0887 

.28 

1,620 

April, 

176,900 

68 

48 

26m. 

None. 

.16 

.6826 

.0360 

8.09 

8.20 

.0678 

.28 

878 

J&ay,  •       . 

200,000 

88 

81 

16m. 

None. 

.14 

.1460 

.0390 

8.99 

3.29 

.0060 

.28 

89 

Jana, . 

207,700 

71 

86 

10m. 

None. 

.14 

.0086 

.0897 

10.78 

4.86 

.0000 

.22 

48 

Jnly,  . 

102,800 

77 

72 

18m. 

None. 

.14 

.0641 

.0821 

16.60 

4.88 

.0000 

.22 

28 

Aagast,     . 

900,000 

77 

72 

12m. 

None. 

.13 

.0408 

.0236 

9.97 

4.20 

.0001 

.26 

67 

September, 

^00,000 

88 

87 

9m. 

None. 

.13 

.0048 

.0222 

10.06 

3.84 

.0000 

.21 

24 

Oetober,    . 

900,000 

65 

68 

17m. 

None. 

.12 

.2746 

.0278 

14.48 

3.37 

.0008 

.28 

61 

November, 

100,000 

64 

49 

17m. 

None. 

.12 

.6600 

.0380 

9.35 

8.82 

.0072 

.25 

168 

December, 

200,000 

49 

80 

43 

64 

1 

18m. 

V.  alight. 

.12 
.14 

.7216 

.0472 
.0333 

9.84 
9.92 

2.88 
8.28 

.0248 

.30 
.26 

399 

Average, 

189.800 

17m. 

None. 

.3779 

.0224 

621 

Sewage  applied,  6  gallons  twelve  times  a  week,  except  from  November  17  to  22,  when  filter  waa 
allowed  to  rest.  March  1  to  10  and  April  17  to  20,  experiment  Intermpled  by  freshet.  Sarface  raked 
3  inches  deep  twice  each  week.  Surface  spaded  over  8  inches  deep  on  April  9,  and  6  Inchea  deep  on 
June  27,  August  1  and  November  17. 


Filter  No.  21  A. 

This  filter  contains  60  inches  in  depth  of  fine  sifted  gravel  of  an 
effective  size  of  1.60  millimeters.  It  was  put  in  operation  March 
19,  1894,  and  since  July  7  of  the  same  year  has  had  a  current  of  air 
drawn  downward  through  it  at  the  rate  of  about  one  gallon  in  four 
minutes  and  for  daily  periods  varying  from  ten  to  sixteen  hours. 
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The  prescribed  rate  of  filtration  has  been  360,000  gallons  per  acre 
daily,  and  during  1896  the  actual  rate  has  been  344,000  gallons  per 
acre  daily.  An  exceedingly  satisfactory  effluent  has  been  obtained, 
but  the  filter  is  gradually  bepoming  clogged  with  organic  matter, 
notwithstanding  the  aeration. 

The  following  table  gives  the  average  analyses  and  the  notes  be- 
low the  details  of  operation  of  the  filter :  — 

Effluent  of  Filter  No.  21  A. 

[Parta  per  100,000.] 


Qnan- 

iltr 
Applied. 

Qallons 

per  Acre 

Dally 

for  Six 

Days  In  a 

Week. 

Tkmpkra- 

TUBK. 
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Number  of 
Applica- 
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on  Surface 
less  than 
80  Minutes. 
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.  .• 

1800. 

i 

1 

s 
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^ 

Bacteria  pei 
Centlmetei 

January,    . 

300,000 

48 

41 

12 

Decided. 

.27 

.2810 

.0920 

2.90 

.0938 

0.67 

129,600 

February,  . 

800.000 

47 

42 

11 

Decided. 

.33 

.0800 

.0780 

6.97 

2.62 

.0088 

1.42 

64,260 

March, 

240,200 

46 

38 

12 

Decided. 

.32 

.2107 

.0707 

0.07 

1.00 

.0122 

0.46 

220,700 

April, 

840,200 

62 

48 

7 

Slight. 

.38 

.0600 

.0828 

7.88 

2.02 

.0088 

0.44 

78,800 

May,  . 

300,000 

03 

02 

0 

V.  alight. 

.20 

.0249 

.0686 

9.08 

3.96 

.0006 

0.36 

18,000 

June, . 

873,800 

08 

07 

11 

Slight. 

.26 

.0649 

.0002 

10.00 

4.36 

.0007 

0.27 

176.600 

Jaly,  . 

340,700 

74 

71 

12 

Decided. 

.38 

.1100 

.0030 

16.01 

4.09 

.0017 

0.64 

320,000 

AagQBt,     . 

300,000 

76 

70 

12 

Decided. 

.32 

.0630 

.0630 

10.29 

3.88 

.0014 

0.36 

92,000 

September, 

300,000 

06 

08 

12 

Decided. 

.32 

.0240 

.0080 

7.86 

3.26 

.0006 

0.36 

96.000 

October,    . 

800,000 

66 

66 

12 

Decided. 

.27 

.0842 

.0821 

10.76 

3.71 

.0007 

0.46 

234,000 

November, 

288,000 

61 

40 

12 

Decided. 

.37 

.8100 

.1000 

10.21 

2.07 

.0018 

0.88 

374,600 

December, 

382,200 

47 
68 

48 
66 

0 

Decided. 

.40 
.33 

.0012 

.1084 
.0844 

9.09 
9.44 

2.72 
3.20 

.0016 

0.72 
0.67 

88,800 

Average, 

348,800 

11 

Decided. 

.1826 

.0100 

167.000 

Sewage  applied,  U  gallons  seventy-two  tlmea  a  week,  except  from  November  17  to  22,  when  filter 
was  allowed  to  reat.  Filter  was  aspirated  sixteen  hours  each  night,  except  during  period  of  rest,  when 
aspirator  was  run  continuously.  March  1  to  10  and  April  18  to  20,  experiment  interrupted  by  freshet. 
Surface  raked  3  inohaa  deep  once  each  week.  March  10,  6  inches  of  gravel  removed,  washed  and  r«> 
placed.    Surface  spaded  over  6  inohea  deep  on  June  27  and  November  17. 

Filter  JVb.  22  A. 

This  filter  contained  60  inches  of  fine  coke  breeze  above  the  usual 
gravel  underdrains  and  was  constructed  March  19,  1894.  From 
that  date  until  November,  1894,  it  received  sewage  at  the  rate  of 
240,000  gallons  per  acre  daily,  and  from  then  until  March,  1896, 
the  average  rate  of  filtration,  excluding  periods  of  rest,  was  360,000 
gallons  per  acre  daily.     During  the  freshet  of  the  Merrimack  River 
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at  this  latter  date  the  filter  was  destroyed.  During  its  period  of 
operation  the  filter  almost  invariably  gave  an  effluent  containing 
considerable  free  ammonia  but  low  in  organic  matter.  The  object 
of  the  experiment  was  to  operate  the  filter  at  as  high  a  rate  as  pos- 
sible and  obtain  a  satisfactory  effluent,  and  remove  clogged  coke 
from  the  surface  of  the  filter  whenever  necessary  for  the  satisfactory 
working  of  the  filter.  During  the  experiment  coke  equivalent  to 
13.8  cubic  yards  per  million  gallons  of  sewage  filtered  was  removed 
and  when  dried  could  be  used  as  a  fuel. 


Effluent  of  Filler  No.  22  A. 

[Paris  per  100,000.] 
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Bacteria  pei 
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Janaary,    . 
February,  . 

360,000 
860,000 

48 
47 

48 

41 
42 

42 

26m. 
28m. 

1 

,  Decided. 

Decided. 

.38 
.41 

.40 

1.5000 
0.0875 

.0005 
.0925 

.0060 

1 
1 

0.90 
1.39 

1.15 

.0070 
.0078 

228,000 
100,800 

Average, 

360,000 

27m. 

Decided. 

1.2438 

.0074 

164,160 

Sewage  applied,  6  gallona  eighteen  tlmea  a  week,  January  1  to  February  20.    Surface  raked  3  inohea 
deep  once  a  week.    Six  Inches  of  coke  removed  from  filter  on  January  15. 

Yearly  Average  of  Effluent  of  Filler  No.  22  A. 

[ParU  per  100,000.  J 
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Dally 

for  Six 

Days  In  a 

Week. 

Tkmpeba- 
tubb. 

Length  of 

Time 

Sewage 

Remained 

on 

Surface. 

Hours  and 
Minutes. 

Appbabamob. 

1 

1 
Ammokia. 

• 

% 

■c 
.s 

ja 
O 

10.03 
11.77 

7.39; 

1 
1 

NlTBOaBN 
AS 

•d 

« 

S 

a 

a 

6 

M 
0 

0 

0 

Dbg.  F. 

a 

• 

o 

1 

t 

o 

c 

1 

8 

• 

S 

1 

1 

•  -  -• 

Tbar. 

• 

• 

1 

00 

Effluent. 

Bacteria  pei 
Centimeter 

1894,  • 

1895,  . 
1800,    *         • 

260,300 
886,500 
860,000 

56 
59 

48 

! 
56  i 

55  i 

42 

48m. 
22m. 
27m. 

1 
V.  slight. 

Decided. 

Decided. 

.12 
.35 

.40 

1.0136 
1.1240 
1.2438 

.0351 
.0936 
.0960 

1.13 
1.46 
1.15 

.0152 
.0186 
.0074 

1.00 
0.50 
1.12 

25,700 
176,000 
104,150 

Filter  No.  59. 

This  filter  was  one  ten-thousandth  of  an  acre  in  area  and  con- 
tained over  the  usual  underdrains  60  inches  in  depth  of  gravel  stones 
of  an  effective  size  of  2.50  millimeters.     Down  through  the  middle 
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of  the  filter  an  iron  pipe  1  inch  in  diameter  was  passed  and  this 
pipe  reached  to  within  6  inches  of  the  bottom  of  the  filter.  By 
means  of  this  pipe  and  an  aspirator,  air  was  drawn  through  the  filter. 
The  filter  was  put  in  operation  April  1,  1895,  and  sewage  was  applied 
to  it  at  the  rate  of  500,000  gallons  per  acre  daily  up  to  Feb.  11, 
1896.  The  results  for  1895  are  given  in  the  report  for  that  year. 
Upon  February  11,  wool-scouring  liquor  was  mixed  with  the  Law- 
rence sewage  in  such  proportion  that  one-fifth  the  volume  of  the 
dose  applied  was  wool  liquor.  The  rate  of  filtration  and  the  propor- 
tion of  wool  liquor  in  the  sewage  applied  was  reduced  from  time  to 
time  and  the  filter  aerated  for  eight  hours  each  night,  but  the  efiiuent 
of  the  filter  became  of  a  very  poor  quality,  the  wool  liquor  passing 
through  practically  without  change,  and  nitrification,  which  was 
active  in  the  filter  when  this  liquor  was  first  applied,  was  entirely 
destroyed. 

The  following  table  shows  the  rate  of  filtration  and  the  average 
analyses  and  the  notes  below  give  the  details  of  operation :  — 

Effluent  of  Filter  No,  69* 

[FarU  per  100,000.] 


Qnan- 
▲pplled. 

OaUona 

per  Acre 

Daily 

forSIx 
Days  in  a 

Week. 

Tbmpbba- 

TDBK. 

Length  of 

Time 

Sewage 

Remained 

on 
Sorfaee. 

Hour*  and 
Minutes. 

Appbakaiiob. 

'   Ammovia. 

• 
c 
X 
o 

Z 
o 

7.96 

7.45i 

1 

1 

1 

7.71 

I 

NITBOOBV 
AS 

a 

a 
• 

1 

M 

o 

a 

o 

Dko.  F. 

• 

9 

1 

i 

i 
1 

< 

i 
s 

1 

i 

II 

1800. 

• 

§ 

c 

January,    . 
February,  . 
March, 
April, 
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145,400 
145,000 

48 
47 
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52 
63 

51 
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46 
42 
46 
55 
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None. 
;  8m. 
;  None. 
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Great. 
Great. 
Great. 
Great. 
Great. 

.47 

.57 
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• 
• 

.52 

0.86j:. 
1.0083 
1.3670 
1.8000 
6.8500 

U.2530 
2.0273 
8.0200 
1.0267 
4.1500 

2.01 
1.21 
0.60 

;o.oo 
lo.oo 

1 
1    ' 

.0086 
.0003 
.0047 
.0010 
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.0047 

1 

1.24 

8.72 

10.87 

18.60 

33.70 

265,000 
560,000 

2,044,000 
710.000 

2,706,000 

Average, 

281,200 

Im. 

1 

Great. 

2.2766'2.2754 

I 

16.43 

1,261,000 

•  Brown. 


Sewage  applied,  54  gallons  dally,  alz  days  a  week,  January  1  to  February  10;  sewage  applied  in  the 
following  manner :  six  doses  of  5  gallons  each  applied  In  the  forenoon,  and  six  doses  of  4  gallons  each  in 
the  afternoon.  February  11  to  13, 1  gallon  of  wool-scouring  liquor  and  4  gallons  of  sewage  applied  as 
one  of  the  forenoon  doses;  February  14  to  23,  1  gallon  of  wooUscourlng  liquor  In  four  doses  of  \  gallon 
each  applied  with  regular  sewage;  February  24  to  March  10,  dose  reduced  to  25  gallons  of  sewage  and  2 
gallons  of  wool  scouring  liquor,  applied  in  nine  doses  of  3  gallons  ench;  March  11  to  May  16,  dose  re- 
duced to  12i  gallons  of  regular  sewage  and  2  gallons  of  wool-soourlog  liquor,  applied  In  nine  doses.  Fil- 
ter aspirated  eiKht  hours  each  night.  March  1  to  10,  experlmoot  interrupted  by  freshet.  March  10,  the 
top  6  inches  of  gravel  removed,  washed  and  replaced.    Surface  raked  3  Inches  deep  once  each  week. 
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Filter  No.  65. 

This  filter  contains,  over  the  usual  gravel  underdrains,  60  inches 
in  depth  of  coke  breeze,  and  was  put  in  operation  Jan.  4,  1896. 
The  sewage  applied  is  that  which  has  just  been  strained  through  a 
shallow  layer  of  coke  breeze  (see  page  479),  and  the  average  rate 
of  filtration  for  the  year  has  been  290,000  gallons  per  acre  daily. 
The  filter  has  disposed  of  the  applied  sewage  easily  and  its  effluent 
has  been  of  a  satisfactory  quality. 

The  following  table  shows  the  average  analyses  of  the  effluent  and 
the  notes  below  give  the  details  of  operation  of  the  filter :  — 


Effluent  of  Filter  No.  65. 

[Parts  per  100,000.] 
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.06 
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1.21 

.0280 

.15 

1,687 

February,  . 

288,000 

40 

48 

9m. 

V.sUgbt. 

.08 

0.0905 

.0260 

6.63 

2.04 

.0216 

.18 

2,010 

March,       . 

407,700 

46 

48 

38m. 

v.  slight. 

.06 

0.2800 

.0220 

6.03 

0.72 

.0100 

.08 

1,470 

April, 

288,500 

66 

64 

40m. 

Slight. 

.12 

0.8433 

.0527 

0.10 

2.20 

.1167 

.24 

18,667 

May,  . 

292,800 

66 

62 

40m. 

Decided. 

.18 

2.1200 

.0887 

16.50 

2.95 

.0938 

.85 

29,838 

June, . 

311,500 

71 

64 

Om. 

SUght. 

.07 

0.0818 

.0311 

19.13 

2.40 

.0048 

.09 

38,000 

July,  . 

288,000 

77 

n 

6m. 

None. 

.03 

0.0361 

.0237 

16.06 

2.38 

.0048 

.08 

9,700 

Aagoft,     . 

800,000 

77 

73 

6m. 

None. 

.04 

0.0132 

.0170 

13.76 

2.02 

.0012 

.10 

2,610 

September, 

800,000 

66 

68 

6m. 

V.  slight. 

.06 

0.0162 

.0202 

12.37 

2.70 

.0005 

.00 

12,100 

October,    . 

800,000 

65 

61 

6m. 

V.  slight. 

.07 

0.2020 

.0820 

11.53 

8.10 

.0009 

.12 

7,900 

November, 

300,000 

64 

63 

8m. 

SUght. 

.08 

0.3000 

.0450 

9.80 

8.91 

.0038 

.16 

2,100 

December. 

800,000 

49 
60 

47 
66 

6m. 

Slight. 

.16 

.09 

0.n25 

.0690 
.0380 

10.78 
10.74 

3.64 
j  2.49 

.0042 

.28 

1 

.16 

8,060 

Average, 

280,700 

16m. 

V.  sUght. 

0.5140 

.0242 

11,127 

Five  gallons  of  sewage  strained  through  coke  applied  eighteen  times  a  week.  March  1  to  10,  expert- 
meat  Intermpted  by  freshet.  Surface  raked  3  inches  deep  once  each  week,  January  1  to  May  26,  and 
twice  each  week,  May  26  to  December  81.    Surface  dag  over  6  inches  deep  on  May  21. 
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Filters  Ms.  66  and  67. 

Filter  No.  66  is  one  three-tbousandth  of  an  acre  in  area  and  con- 
tains 60  incbes  in  deptb  of  gravel  of  an  effective  size  of  5.10  milli- 
meters. Tbe  filter  bas  a  wooden  bottom  perforated  witb  many  boles, 
to  allow  tbe  escape  of  tbe  efiiuent  freely  witbout  collection  and  passage 
tbrougb  a  single  outlet,  as  is  tbe  case  witb  tbe  otber  filters.  At  tbe 
beginning  of  tbe  experiment  tbe  two  filters  were  connected  by  an  air- 
tigbt  cbamber  and  tbe  effluent  of  Filter  No.  66  passed  directly  upon 
tbe  surface  of  Filter  No.  67,  placed  below  Filter  No.  66. 

Filter  No.  67  is  of  one-balf  tbe  area  of  Filter  No.  66  and  contains 
60  incbes  in  deptb  of  sand  of  an  effective  size  of  0.19  millimeter. 
A  pressure  pump  capable,  at  its  ordinary  rate  of  operation,  of  pump- 
ing nineteen  gallons  of  air  per  minute,  was  connected  witb  tbe  air- 
tigbt  cbamber,  and  tbe  air  delivered  into  tbis  cbamber  was  forced  up 
tbrougb  the  entire  body  of  filtering  material  in  Filter  No.  66.  Tbis 
filter  bas  been  operated  at  rates  varying  from  90,000  to  513,000  gal- 
lons per  acre  daily,  and  witb  tbe  amount  of  aeration  given,  as  sbown 
by  tbe  notes  beyond,  nitrification  bas  been  kept  active.  Owing, 
bowever,  to  tbe  perforated  bottom  of  tbe  filter  a  considerable  per- 
centage of  tbe  sewage  sludge  bas  passed  down  tbrougb  tbe  filter 
instead  of  being  stored  witbin  tbe  filter. 

Filter  No.  67  bas  received,  during  a  large  portion  of  tbe  year,  tbe 
entire  effluent  of  Filter  No.  66,  and  bas  given  a  satisfactory  effluent. 
Tbis  bigb  rate  of  filtration  bas  been  maintained  witb  considerable 
difficulty,  owing  to  tbe  amount  of  sludge  in  tbe  effluent  of  Filter 
No.  66,  and  tbe  clogged  sand  removed  from  Filter  No.  67  bas 
amounted  to  22  cubic  yards  per  million  gallons  of  sewage  filtered. 

On  November  7  tbe  surface  of  Filter  No.  66,  witb  tbe  exception 
of  a  circular  opening  8  incbes  in  diatneter  in  tbe  centre,  was  cov- 
ered witb  6  incbes  of  coke  breeze.  Tbe  coke  was  for  tbe  purpose  of 
straining  out  some  of  tbe  sludge  of  tbe  sewage,  and  tbe  opening  to 
allow  tbe  circulation  of  air  wben  the  filter  was  being  aerated.  Tbe 
quality  of  tbe  effluent  was  slightly  improved  by  tbis  change,  but  not 
enough  to  expect  that  tbe  bigb  rate  of  filtration  through  Filter  No. 
67  can  be  maintained  witbout  large  removals  of  clogged  sand  from 
time  to  time  or  prolonged  periods  of  resting. 

Tbe  electric  power  to  operate  tbe  aerating  apparatus  has  been  ob- 
tained from  the  Lawrence  Gas  Company,  and,  for  tbe  amount  of 


No.  34.] 


FILTRATION  OF  SEWAGE. 


503 


aeration  given,  the  cost  has  been  at  the  rate  of  several  hundred  dol- 
lars per  million  gallons  of  sewage  filtered.  With  a  larger  plant,  the 
cost  would  be  less  in  proportion  to  the  sewage  filtered,  but  it  seems 
improbable  that  it  would  be  reduced  sufficiently  to  be  considered 
reasonable  in  sewage  purification. 


Effluent  ofFilUr  No,  66. 

[Partff  per  100,000.] 
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877.300 

60 

68 
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1.8020 
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0.01 
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820,000 
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432,700 

60 

62 
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Decided. 
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64 

68 
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.73 

1.0167 

.3733 

.2083 

.1700 

10.67 

8.81 

.0120 

3.88 

871,000 

July, 

431,800 

70 

74 

None. 

Qreat. 

.72 

1.6000 

.5080 

.1004 

.4076 

15.17 

2.08 

.1640 

4.66 

1,020,000 

Aug., 

450,000 

72 

75 

Nona. 

Great. 

.61 

1.6667 

.7200 

.1800 

.5400 

13.70 

2.18 

.0200 

5.00 

1,888,000 

Sept., 

204,400 

68 

65 

None. 

Decided. 

.46 

1.0600 

.3600 

.1846 

.1754 

10.01 

3.18 

.0128 

2.00 

1,048,000 

Oct., 

206,100 

64 

68 

None. 

Decided. 

.45 

1.1400 

.2680 

.1627 

.1053 

10.74 

2.11 

.0180 

1.36 

478,000 

Nov., 

400,000 

48 

68 

3m. 

Decided. 

.63 

2.2700 

.8800 

.2880 

.0020 

7.75 

1.52.0123 

1.80 

028,000 

Deo., 

513.300 

40 
58 

64 

62 

4m. 

Decided. 

.57 
.62 

2.0800 

.8255 
.3628 

.2050*.  1205 

8.10 
10.60 

2.36 
2.20 

.0003 
.0348 

1.80 
2.40 

840,000 

Av., 

351,800 

2m. 

Decided. 

1.1072 

.1806 

.1731 

080,800 

Sewage  applied,  5  gallons  thirty  times  a  week,  March  10  to  22 ;  10  galloos  thirty  times  a  week,  March 
23  to  20;  20  gallons  thirty  times  a  week,  March  30  to  April  12;  April  13  to  Jane  8, 150  gallons  dally,  ap- 
plied in  five  doses  of  20  gallons  each  and  two  doaes  of  25  gallons  each ;  June  0  to  14,  80  gallons  thirty 
timea  a  week;  June  15  to  21,  25  gallons  thirty  times  a  week;  June  22  to  28. 15  gallons  thirty  times  a 
week ;  June  20  to  September  6, 150  gallons  dally,  applied  In  five  doaes  of  20  gallons  each  and  two  dosea 
of  25  gallons  each ;  September  7  to  October  5,  75  gallons  daily,  applied  in  six  doaes  of  10  gallons  each 
and  one  doae  of  15  gallons;  October  6  to  November  10, 11  gallons  sixty  times  a  week;  November  11  to 
December  31, 20  gallons  alxty  tiroes  a  week;  April  3  to  12,  filter  aerated  one  half  hour  eighteen  times  a 
week;  April  13  to  June  8,  one-half  hour  twenty-foar  times  a  week;  June  0  to  14,  one-half  hour  thirty- 
six  times  a  week;  June  15  to  21,  one-half  hour  twenty-four  times  a  week;  June  22  to  28,  one-half  hour 
thirty  times  a  week;  June  20  to  July  21,  fifteen  minutes  forty -two  times  a  week;  July  22  to  September 
6,  thirty  minutes  forty -two  times  a  week;  September  7  to  October  5,  fifteen  minutes  twelve  times  a 
week;  October  6  to  14,  fifteen  minutes  thirty -six  tlmea  a  week;  October  15  to  25,  thirty  minutes  forty- 
two  tlmea  a  week;  October  26  to  November  8,  forty -five  roinutea  forty -two  times  a  week;  November  0 
to  December  31.  fifteen  minutes  sixty  times  a  week.  April  3  to  May  3,  door  between  66  and  67  left  open 
daring  the  night;  May  4  to  26.  door  closed  all  the  time;  May  27  to  June  7.  door  left  open  daring  the 
night;  June  8  to  December  31.  door  left  open  all  the  time  except  while  filter  was  being  aerated.  May  18 
to  October  5.  surface  raked  3  inches  twice  a  week;  October  6  to  November  10.  surface  not  raked; 
November  20  to  December  31,  raked  1  Inch  da  ly.  June  27,  filters  66  and  67  disconnected.  November  7, 
surface  raked  3  inchea  deep,  and  sarraoe  covered  with  6  inches  of  coke,  except  a  circular  hole  0  inchea  in 
diameter  in  the  centre  of  tank.    November  16,  1  inch  of  coke  removed. 
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Effluent  of  Fitter  No.  67. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Oallons 

per  Acre 

Dally 

for  Six 

Days  In  a 

Week. 

Tbupkba- 

TURB. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

AFPBAKAlfOI. 

Ammokia. 

e 

s 

S 

7.02 
9.22 
16.70 
11.60 
27.69 
13.86 
12.41 
10.70 
11.62 
9.38 

12.90 

UlTBOOBM 
AS 

• 

1 

D 
• 

1 

a 

M 

o 

s 

9 

o 

Dko.  F. 

1 

o 
§ 

S 

-6 

1 
1 

•< 

• 

1 

• 

i 

la  nl 

1800. 

• 

CO 

e 

II 

March, 
April, 
May,  . 
Jnoe, . 
Jaly,  . 
Augnet,     . 
September, 
October,    . 
November, 
December, 

178,800 
764,000 
866,400 
892,000 
622,200 
886,600 
484,600 
477,800 
618,600 
1,011,000 

67 
68 
62 
68 
74 
76 
66 
63 
63 
64 

62 

64 
63 
62 
67 
74 
74 
64 
61 
62 
61 

60 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

V.  alight. 
None. 
None. 
Decided. 
V.  slight. 
V.  alight. 
V.  Blight. 
V.  Blight. 
V.  Blight. 
Blight. 

.11 
.14 
.20 
.64 
.27 
.28 
.21 
.28 
.40 
.40 

.28 

0.3967 
0.4814 
0.2100 
1.1433 
0.0223 
0.0186 
0.0378 
0.0947 
0.1993 
0.6776 

.0227 
.0371 
.0764 
.1287 
.0362 
.0306 
.0829 
.0420 
.0660 
.0880 

.0660 

1.82 
2.67 
2.46 
2.67 
2.88 
2.66 
4.14 
2.36 
2.72 
3.76 

2.74 

.0243 
.1074 
.1880 
.1400 
.0164 
.0116 
.0066 
.0021 
.0177 
.0076 

.20 
.34 
.68 
.88 
.29 
.88 
.32 
.36 
.63 
.61 

.46 

16.400 

1,096 

81,974 

196,000 

64,700 

21,360 

4.900 

21,000 

28,000 

33,460 

Average, 

608,600 

None. 

V.  Blight. 

0.3181 

.0621 

40.788 

Bfflaent  of  Filter  No.  66  applied :  March  10  to  June  30,  all  the  effluent;  Jaly  1  to  12,  one-half  of  the 
efflnent  in  three  dosea  of  26  gallonB  each;  Jnly  18  to  28,  fonr  doeea  of  26  gallona  each ;  Jaly  29  to  Septem- 
ber 6,  foar doaee  of  Zl\  gallons  each ;  September 7  to  October  6.  four  doaea  of  18|  gallons  each;  October  6 
to  November  10,  foar  doscB  of  27^  gallons  each ;  November  11  to  December  31.  foar  doeea  of  60  gallona 
each.  March  31  to  April  17.  surface  raked  8  inches  deep  twice  a  week ;  April  18  to  December  31,  raked 
8  inchea  deep  dally.  Surface  dug  over  to  a  depth  of  6  inchee  on  the  following  dates :  April  17;  June  4, 
6,  8, 11, 22,  29;  July  1. 17;  September  2;  October  3, 10, 16,  19,  23,  26,  30;  November  9, 12. 14, 16. 17. 28^ 
24,  26.  June  27,  filters  66  and  67  disconnected,  and  fiom  4  to  6  inches  of  sand  removed  from  surface. 
November  26, 6  inchea  of  sand  removed. 


Filters  J^os.  80  and  81. 

Filter  No.  80  contains  4.5  feet  in  depth  of  coal  ashes  and  has 
received  sewage  at  the  rate  of  70,000  gallons  per  acre  daily.  Its 
effluent  has  been  bright  and  clear  from  the  beginning  and  in  January 
of  the  present  year  (1897)  nitrification  began  to  be  active. 

Filter  No.  81  contains  4.5  feet  in  depth  of  cinders  and  has  received 
sewage  which  had  first  been  strained  through  coke  breeze  at  the  rate 
of  550,000  gallons  per  acre  daily.  The  method  of  operating  the  filter 
has  been  as  follows  :  In  the  morning  the  outlet  is  closed  and  sew- 
age is  applied  in  hourly  doses  until  the  surface  is  covered  ;  the  filter 
is  allowed  to  remain  in  this  condition  for  two  hours,  when  the  outlet 
is  opened  and  the  filter  slowly  drained. 
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EffluetU  of  Filter  No.  80. 

[Part*  per  100,000.] 


Qnantlty 
Applied. 

Gallons 

per  Acre 

DallT 

for  Six 

Dayalna 

Week. 

TSMPKRATURI. 
Dko.  F. 

Appbaranob. 

Amxovia. 

4 

12.17 
11.21 

11.60 

NITBOQBH 
AB 

1 

1 

1 

DATS  — 1990. 

• 

■J 

i 

1 

^ 

• 

1 

a 
< 

i 
I 

1 

Bacteria  per 
Centimeter. 

November,     • 
December,     . 

73,200 
61,000 

47 
46 

64 
40 

V.  alight. 
V.  alight. 

.07 
.10 

.13 

3.8400 
4.4200 

.0680 
.1124 

.0762 

.016 
.086 

.061 

.0012 
.0484 

.0223 

.26 

.82 

.20 

2,810,000 
83,400 

Ayerage,     . 

67,100 

46 

62 

V.  slight. 

4.1800 

1,171,700 

Effluent  of  FiUer  No.  81. 

[Parta  per  100,000.] 


Quantity 
Applied. 

Gallons 
per  Acre 

Dally 

forKiz 
Dayalna 

Week. 

TlMPBBATirRB. 
DBO.F. 

Appbabavob. 

Amxohia. 

• 

o 
1 

7.20 
10.20 

8.70 

NiTBOOBH 

AS 

1 

1 

o 

6 

Datb  — 1S06. 

1 

1 

1 

1 

• 

• 

1 

< 

i 

• 

1 

Bacteria  per 
Centimeter. 

17oyember,        • 
DeoMnber, . 

610,000 
614,200 

64 

40 

64 

40 

Decided. 
Decided. 

.68 
.60 

.60 

4.70 
4.21 

.26 
.20 

.27 

.181 
.034 

.106 

.0140 
.0040 

.0006 

1.00 
1.08 

1.04 

606,400 

Average, 

662,100 

62 

62 

Decided. 

4.46 

606,400 
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FILTRATION  OF  WATER. 


Seven  of  the  experimental  filters,  used  for  the  purpose  of  studying 
the  purification  of  water  by  sand  filtration  during  1895  and  previous 
years,  have  been  continued  in  operation  during  1896,  and  the  results 
obtained  by  these  filters,  together  with  those  obtained  by  three  addi- 
tional filters  and  the  large  filter  2.5  acres  in  area,  constructed  by  the 
city  of  Lawrence  and  put  in  operation  Sept.  20,  1893,  are  presented 
in  the  following  pages.  Reports  of  the  Board  for  previous  years 
have  given  facts  and  figures  regarding  the  filtration  of  Merrimack 
Biver  water  through  various  depths  and  kinds  and  grades  of  sand, 
at  various  rates  of  filtration  and  with  both  continuous  and  intermittent 
filters.  The  data  obtained  and  recorded  in  those  reports  are  here 
added  to,  together  with  such  new  observations  as  seem  to  be  espe- 
cially worth  recording. 

Two  distinctly  new  lines  of  investigation  have  been  started :  one, 
the  study  of  the  sand  filtration  of  water  much  more  polluted,  both 
chemically  and  bacterially,  than  the  Merrimack  River  water,  and  the 
other,  studies  in  regard  to  the  removal  of  iron  in  such  forms  as  it 
exists  in  some  of  the  water  supplies  of  the  State.  The  study  of  the 
purification  of  a  highly  polluted  water  has  been  carried  on  during  a 
large  portion  of  the  year  and  considerable  data  can  be  given,  but  the 
study  of  the  removal  of  iron  was  begun  during  the  last  part  of  the 
year. 

The  table  on  the  following  page  shows  the  rate  of  filtration  and 
the  bacterial  efficiency  for  the  year  of  those  filters  receiving  Merri- 
mack River  water.  Determinations  of  the  number  of  bacteria  in  the 
water  applied  to  the  filters  are  made  twice  each  day,  determinations 
of  the  bacteria  in  the  effluents  of  filters  Nos.  3B,  7A  and  8  A  four 
times  each  day,  and  of  the  smaller  fitters  always  once  and  sometimes 
twice  each  day. 

*  In  preparing  this  paper  the  writer  has  had  the  assistance  of  Mr.  W.  R.  Copeland. 
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Discussion  of  Bacterial  Efticiency  of  the  Filters. 

By  a  study  of  the  table  it  is  seen  that  all  of  the  filters  having  an 
average  depth  of  more  than  12  inches  of  sand  maintained  an  average 
bacterial  eflBciency  of  99.24  per  cent,  or  more.  The  greatest  aver- 
age efficiency,  99.70  per  cent.,  was  obtained  by  the  large  filter, 
No.  8  A,  one  two-hundredth  of  an  acre  in  area,  situated  out  of 
doors,  containing  52  inches  in  depth  of  sand  and  operated  continu- 
ously. Filter  No.  3  B,  of  the  same  area  and  depth  and  also  out  of 
doors,  but  operated  intermittently,  gave  an  average  bacterial  effi- 
ciency of  99.54  per  cent.,  but  its  average  rate  of  filtration  was  much 
less  than  that  of  Filter  No.  8  A.  An  examination  of  the  tables  of 
daily  results  (see  page  537  and  following)  shows  that  these  large 
filters  maintained  a  more  uniform  efficiency  than  the  small  filters,  and 
that,  of  the  large  filters,  the  most  uniform  results  were  obtained  by 
Filter  No.  8  A.  Nearly  as  uniform  results  were  obtained  by  Filter 
No.  3  B,  and  both  filters  gave  a  decidedly  better  day-by-day  efficiency 
than  the  shallower  or  smaller  filters. 


Bates  of  Filtration  and  Bacterial  Efficiency. 

Filters  Nos.  3  B  to  64,  inclusive,  have  been  operated  at  rates  of 
filtration,  in  gallons  per  acre  daily,  varying  from  1,960,000  on  the 
part  of  Filter  No.  33  A  to  4,880,000  on  the  part  of  filters  Nos.  43 
and  62,  and  at  these  rates  the  bacterial  efficiency  obtained  has  been 
satisfactory.  The  efficiency  has  not  borne  a  direct  relation  to  the 
rate  of  filtration  nor  to  the  degree  of  coarseness  or  fineness  of  the 
sand.  Filter  No.  18  A,  containing  sand  of  an  eflfective  size  of  0.48 
millimeter  and  operating  at  the  rate  of  4,740,000  gallons  per  acre 
daily,  has  given  an  effluent  containing  on  an  average  47  bacteria 
per  cubic  centimeter,  and  Filter  No.  33  A,  containing  sand  of  an 
eflfective  size  of  0.14  millimeter  and  operating  at  a  rate  of  1,960,000 
gallons  per  acre  daily,  has  given  an  effluent  containing  on  an  aver- 
age 73  bacteria  per  cubic  centimeter.  It  is  true  that  Filter  No. 
18  A  contained  a  greater  depth  of  sand  and  that  there  was  at  times  a 
growth  of  bacteria  within  the  sand  of  Filter  No.  33  A,  as  will  be  ex- 
plained later,  but  the  fact  remains  that  the  coarsest  filter  operating 
at  the  highest  rate  gave  the  best  result.  On  the  other  hand,  Filter 
No.  33  A  could  undoubtedly  have  been  operated  at  a  higher  rate  than 
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it  was  operated  and  have  given  as  good  an  effluent,  while  the  rate  of 
Filter  No.  18  A  if  increased  materially  would  probably  have  caused 
poor  results  to  follow.  Filter  No.  33  A  might  even  have  given  a 
better  result  at  a  higher  rate,  from  the  fact  that  the  more  rapid  pas- 
sage of  the  water  through  the  filter  would  perhaps  have  diminished 
the  number  of  those  bacteria  in  the  effluent  which  grew  within  the 
filter.     (See  page  525.) 

The  advantage  of  a  filter  of  fine  sand,  such  as  Filter  No.  33  A,  over 
a  filter  of  coarse  sand  is  most  marked  at  the  beginning  of  its  period 
of  operation.  The  results  then  obtained  are  much  better  than  ob- 
tained at  the  outset  with  coarse  sand,  but  as  the  period  of  service  of 
filters  increases  the  efficiency  of  the  coarse  sand  filters  increases  and 
the  volume  of  water  passed  between  scrapings  is  greater,  other 
things  being  equal,  with  a  filter  of  coarse  sand.  Better  results 
immediately  after  scraping  are,  with  the  same  treatment  in  each 
case,  obtained  by  a  filter  of  comparatively  fine  sand.  These  facts 
have  been  repeatedly  stated  in  different  reports  of  the  Board,  and 
tables  given  illustrative  of  them,  and  their  repetition  here  is  simply 
by  way  of  explanation  of  the  table  given. 


Remarks  in  Regard  to  Shallow  and  Deep  Filters. 

As  noted  in  earlier  reports  of  the  Board,  disturbing  influences, 
such  as  scraping,  fluctuations  of  rate  of  filtration,  etc.,  afiect  more 
seriously  the  bacterial  results  obtained  from  shallow  than  from  deep 
filters.  It  has  also  been  noted  that  depth  of  water  over  the  surface 
of  a  sand  filter  exerts  a  pressure  upon  the  surface,  rendering  the 
upper  sand  layers  so  compact  that  the  maximum  rate,  or  quantitative 
capacity  of  the  sand  to  the  flow  of  water,  is  reduced.  (See  page 
706,  report  of  1894.)  Owing  to  this  fact  of  pressure,  of  two  filters 
containing  the  same  total  depth  of  sand  and  water,  other  things 
being  equal,  that  one  containing  the  greatest  depth  of  sand  and  thus 
the  least  depth  of  water  over  its  surface  will  require  less  frequent 
scraping  than  the  one  in  which  the  relative  depth  of  sand  and  water 
is  reversed.  It  is  also  true  that  with  the  same  depths  of  water  over 
the  surface  of  two  filters  containing  different  depths  of  sand  the  one 
containing  the  greatest  depth  of  sand  will  require  the  least  scrap- 
ing. Filters  Nos.  63  and  64,  both  filtering  river  water  at  a  rate  of 
3,000,000  gallons  per  acre  daily,  and  containing,  from  May  8  to  July 
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28 »  an  average  depth  of  22  and  9  iDches  of  the  same  gi*ade  of  sand 
respectively,  have  given  results  upon  this  point  shown  in  the  follow- 
ing table :  — 


Number  of  Scrapings,  Water  filtered  between  Scrapings,  etc.,  toUh  a  Shallow  as 

compared  with  a  Deeper  Filter, 


Number  of  Filtkk. 


Depth 

of  Sand 

In  Inches. 


Arerage 
Depth  of 

Water 
on  Sorface. 


Kamhar 

of 
Sorapingt. 


Number  of 
Gallons 

lUtfred  be- 
tween 
Scraplnga 

(per  Acre). 


Arerage 
Rate  ofFU- 

tratlon 
(Oallons  per 
Acre  Dally). 


«4, 
«3, 


0 
22 


10' 
10 


16 
12 


16,900.000 
20,600,000 


2,000,000 
8,000,000 


On  July  28  the  head  on  Filter  No.  64  was  reduced  so  that  the 
depth  of  water  on  the  surface  compared  to  the  depth  of  sand  should 
correspond  more  nearly  with  the  ratio  of  the  depth  of  water  to  depth 
of  sand  in  Filter  No.  63. 

The  results  obtained  from  filters  Nos.  63  and  64,  covering  the 
period  May  18  to  October  31,  together  with  results  from  the  larger 
filters,  Nos.  7  A  and  8  A,  have  been  gathered  together  in  the  follow- 
ing table.  Filter  No.  7  A  had  not  been  in  operation  for  the  four 
months  just  previous  to  this  period  and  its  surface  was  therefore  very 
porous,  but  as  Filter  No.  8  A  had  been  scraped  and  dug  over  6  inches 
deep  on  April  11,  the  surface  layers  of  7  A  and  8  A  were  probably 
about  equally  porous  when  the  experiment  started. 


Table  showing  the  Number  of  Scrapings,  Cubic  Yards  oj  Sand  removed,  etc,,  in 

operating  Shallow  as  compared  with  Deeper  Filters. 


NCMBBB  OF 
FiLTBR. 


Period. 


Average 
Depth  of 

Sand 
([nches). 


Namber 

of 

Scrapings. 


Actoal 

Number 

of  Gallons 

filtered. 


Cubic  Yards 

of  Sand 

removed  per 

Million  Oalione 

filtered. 


Average 
Bacterial 
Efllclencjr* 


7  A,    . 

8A,    . 
04, 
63, 


Apr.  13  to  Dec.  31, 

13 

14 

4,826,166 

Apr.  13  to  Doc.  81, 

48 

11 

6,214,181 

May  18  to  Oct.  31, 

7 

20 

24,210* 

May  18  to  Oct.  31, 

21 

21 

24,fl07* 

0.08 
0.67 


00.26 
90.71 
08.16 
90.41 


*  Flltera  Nos.  63  and  64  are  only  ooehuDdredtli  the  area  of  filters  Nob.  7  A  and  8  A. 

From  this  table  it  is  evident  that  the  shallow  filters  Nos.  7  A  and 
64  were  scraped  more  frequently,  that  the  number  of  cubic  yards  of 
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sand  scraped  off  per  million  gallons  of  water  filtered  was  greater, 
and  that  the  average  bacterial  efficiency  was  less  than  of  the  deeper 
filters  Nos.  8  A  and  63.  The  table  is  significant  owing  to  the  fact 
that  one  of  the  largest  items  in  the  cost  of  running  sand  filters  is 
caused  by  scraping  sand  from  the  filter  and  replacing  it  with  new. 


Effect  of  Spading  the  Surface  Layers  of  Deep  and  Shallow  Filters. 

It  has  been  stated  in  the  present  report,  and  considerable  data 
upon  the  subject  have  been  given  in  previous  reports,  that  shallow 
filters  are  much  more  sensitive  to  disturbing  influences  than  deeper 
ones.  That  is  to  say,  when  the  surface  deposit  is  removed  or  the 
surface  spaded  over,  that  a  filter  containing  a  considerable  depth 
of  sand  will  produce  a  better  bacterial  efficiency  immediately  after- 
wards than  one  containing  a  shallower  depth  of  sand. 

The  two  following  tables  illustrate  this  point :  — 


Effect  produced  upon  Bacterial  Efficiency  by  Spading  a  Shallow  Filter. 

[Bacteria  per  Cable  Centimeter  in  the  Efflaent  from  Filter  No.  7  A.] 


Date  — 1897. 


Hoar. 


Bacteria. 


Bemarlcs. 
(Filter  16  Inches  Deep.) 


JaDOary  16, 
18. 

18. 
18, 
18, 
18, 
18, 

20, 

21. 
22, 
23, 
25. 
26. 
27. 


5.00  A.M. 


8.45  A.M. 


9.00  A.M. 


9.10  A.M. 


11.00  A.M. 


2.00  P.M. 
6.00  P.M. 


25 

140 

825 

2.508 

2.262 

8.024 

8,144 

2.174 

1.806 

2.090 

1.207 

1.176 

536 

178 

107 


Before  epading. 
Ootlet  gate  Jaet  opened. 


Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 
Average  of  three  analyses. 


NoTB.^The  nomber  of  bacteria  in  the  canal  water  applied  to  Filter  No.  7  A  on  Janaary  18  aver- 
aged 12.900  per  cubic  centimeter. 
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Effect  upon  Bacterial  Efficiency  produced  by  Spading  a  Deep  Filter, 

[Bacteria  p«r  Cabio  CoDtlmtter  in  the  Bfflaent  from  Filter  No.  8  A.] 


Datr  — 1896. 


Hoar. 


Bacteria. 


Bemarki. 
(Filter  45  Inches  Deep.) 


December  1, 
3, 
8, 
8, 
8, 
8, 
8. 
4. 
6. 
T, 
8. 
0, 

10. 

11. 

12. 


5.00  A.M. 


0.00  A.M. 


10.15  A.M. 
11.80  a.m. 


1.30  P.M. 


8.00  P.M. 


6.00  P.M. 


19 

6 

8 

0 

9 

U 

8 

64 

126 

418 

828 

294 

168 

97 

73 


Before  epadlDg. 
Oatlet  gate  Jast  opened. 


Average  of  three  analysea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 
Average  of  three  analyaea. 


NoTB.  —  The  namber  of  bacteria  in  the  canal  water  applied  to  Filter  No.  8  A  on  December  8  aver- 
aged 4,800  per  cubie  centimeter. 

Both  of  these  filters  were  spaded  over  6  inches  deep  and  after 
spading  were  filled  slowly  with  city  water  from  below  and  allowed 
to  stand  for  twenty-four  hours.  On  the  days  when  the  outlet  valves 
were  again  opened  Filter  No.  7  A  ran  at  a  rate  of  5,034,000  gallons 
per  acre  daily,  but  Filter  No.  8  A  fell  a  little  short  of  this,  running 
at  a  rate  of  4,390,000  gallons.  This  rate  gradually  increased  until 
it  reached  5,000,000  gallons,  and  maintained  an  average  rate  of 
5,180,000  gallons  per  acre  daily  from  December  5  to  10. 

The  difference  in  rate  between  4,300,000  and  5,000,000  gallons 
per  acre  daily  was  not  sufficient  to  account  for  the  great  difference 
between  the  numbers  of  bacteria  which  were  found  in  the  effluents 
of  filters  Nos.  8  A  and  7  A  on  the  first  day  after  the  outlets  were 
opened.  For  instance,  the  number  of  bacteria  found  in  the  effluent 
from  Filter  No.  8  A  averaged  9  per  cubic  centimeter,  whereas  the 
number  found  in  the  effluent  from  Filter  No.  7  A  averaged  1,984 
per  cubic  centimeter.  The  mechanical  disturbance  of  spading  affected 
Filter  No.  8  A  to  some  extent  however,  and  the  bacterial  efficiency 
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decreased  together  with  the  increase  in  rate  during  the  period  from 
December  4  to  10.  Thus  the  figures  given  in  the  table  i^how  that, 
whereas  on  December  3  the  bacteria  in  the  effluent  of  Filter  No.  8  A 
averaged  9  per  cubic  centimeter,  during  the  period  from  December 
4  to  10  the  bacteria  averaged  274  per  cubic  centimeter* 

Remarks  in  Regard  to  Intermittent  and  Continuous  Filtra- 
tion. 

For  six  years  filters  receiving  Merrimack  River  water  and  operated 
continuously  and  intermittently  have  been  studied  at  this  station. 
The  first  experimental  water  filter.  No.  8,  was  put  into  operation  in 
November,  1887,  and  continued  until  September,  1893.  This  filter 
contained,  above  the  usual  underdrains,  3  feet  and  8  inches  in  depth 
of  a  mixture  of  gravel  and  sand  of  an  effective  size  of  0.35  milli- 
meter ;  above  this  layer  were  8  inches  of  yellow  loam,  and  above 
this  a  layer  6  inches  deep  of  the  same  kind  of  material  as  that  which 
lay  below  the  loam. 

City  water  was  applied  to  this  filter  at  rates  varying  from  100,000 
to  300,000  gallons  per  acre  daily,  and  the  effluent  was  a  clear, 
bright,  almost  colorless  water  with  a  taste  like  that  of  spring  water. 
On  Nov.  13,  1891,  Merrimack  River  water,  taken  from  the  Essex 
Company's  canal,  began  to  be  applied  to  this  filter  at  the  rate  of 
300,000  gallons  per  acre  daily,  instead  of  the  city  water  previously 
applied.  The  river  water  contained  many  times  as  many  bacteria 
per  cubic  centimeter  and  more  organic  matter  than  the  city  water 
previously  applied,  which,  although  taken  from  the  river  in  the  first 
place,  had  passed  through  the  reservoir  and  city  service  pipes  before 
reaching  the  station.  The  effluent  of  the  filter,  however,  continued 
as  pure  chemically  and  with  no  more  bacteria  than  when  city  water 
was  applied.  The  average  removal  was  99.97  per  cent,  and  the 
few  bacteria  appearing  in  the  effluent  were  believed  to  be  due  to 
growths  in  the  underdrains. 

Thus  the  effluent  of  this  filter  was  in  every  way  satisfactory,  but 
owing  to  the  layer  of  loam  it  was  impossible  to  increase  the  rate  of 
filtration  above  300,000  gallons  per  acre  daily ;  and,  as  this  loam 
began  to  clog  with  the  organic  matter  removed  from  the  water,  this 
quantitative  capacity  decreased  and  the  filter  was  discontinued  in 
1893,  as  before  stated. 

In  the  meantime  other  filters  were  put  in  operation,  some  of  sand 
with  layers  of  loam  and  others  with  their  entire  depth  above  the 
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underdraiDS  consisting  of  one  grade  of  sand,  and  at  the  close  of 
1892,  eighteen  water  filters  either  were  or  had  been  in  operation  at 
the  station,  ten  continuous  and  eight  intermittent  filters,  and  in  fiie 
report  for  that  year  a  comparison  of  results  obtained  by  the  two 
methods  of  filtration  was  given  and  the  statements  made  that :  — 

1.  In  continuous  and  intermittent  filtration  through  materials  of 
the  sizes  employed  and  at  the  given  rates  there  is  no  very  great  dif- 
ference in  the  amount  of  organic  matter  removed  from  the  applied 
water. 

2.  Continuous  filters  require  scraping  less  frequently  than  inter- 
mittent. 

3.  Jt  will  be  necessary  to  obtain  more  data  before  making  defi- 
nite conclusions  in  regard  to  the  bacterial  efficiency  of  the  two 
methods. 

During  this  year  the  rates  of  filtration  of  the  difierent  filters  varied 
from  a  few  hundred  thousand  to  two  million  gallons  per  acre  daily. 
During  1893  the  number  of  experimental  filters  was  added  to  and 
the  rates  of  filtration  in  gallons  per  acre  daily  increased,  so  t|)at 
several  filters  were  operated  at  the  rate  of  between  three  and  five 
million  gallons  per  acre  daily  and  the  comparative  results  obtained 
from  the  continuous  and  intermittent  filters  were  summarized  as  fol- 
lows :  — 

1.  That  in  the  case  of  the  filters  of  fine  sand,  in  which  there  is  a 
saturated  layer  of  considerable  depth,  the  bacterial  efiiciency  was 
substantially  the  same  by  each  method  employed  in  the  application 
of  water  during  the  |2;reater  part  of  the  year,  but  during  midsummer 
(July  24  to  September  2)  the  continuous  filters  allowed  a  few  more 
of  the  hardy  water  bacteria,  but  not  of  B.  prodigiosnSj  to  pass 
through. 

2.  That  with  filters  of  coarser  sands,  operated  at  comparatively 
high  rates,  the  continuous  filters  are  ordinarily  more  efficient  in 
removing  bacteria  than  the  intermittent  filters  under  the  existing 
methods  of  operation.  The  reason  of  this  is  that  the  actual  rate  of 
flow  was  lower  and  more  uniform  and  there  was  no  mechanical  dis- 
turbance of  the  sand,  as  was  the  case  during  the  greater  part  of  the 
period  with  the  intermittent  filters,  owing  to  the  manner  of  filling 
and  driving  out  the  air. 

During  1894,  1895  and  1896  intermittent  and  continuous  filters 
were  continued  in  operation,  and  the  results  obtained  from  all  of 
them  have  been  important  and  instructive,  but  the  most  important 
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have  undoubtedly  been  obtained  by  filters  Nos.  3  B  and  8  A.  These 
two  filters  were  put  in  operation  in  September,  1893,  and  from  the 
day  when  first  flooded  up  to  the  present  time  have  been  running 
without  interruptions,  except  those  caused  by  scraping  or  other 
necessary  details  of  operation.  These  two  filters  are  each  one  two- 
hundredth  of  an  acre  in  area  and  their  location  is  such  as  to  make 
them  comparable  with  large  filters  of  a  city  supply  system.  They 
each  have  the  same  depth  of  the  same  grade  of  sand  and  have  been 
operated  at  rates  varying  from  2,000,000  to  5,000,000  gallons  per 
acre  daily.  Filter  No.  3  B  has  always  been  operated  intermittently 
while  Filter  No.  8  A  has  been  operated  continuously,  and  the  fol- 
lowing table  gives  the  average  rate  of  filtration  and  the  average  bac- 
terial eflBciency  of  each  filter  for  each  year  of  operation :  — 


FiLTBR  NUMBBB. 

T«ar. 

Bate. 

BacteriBl 
EflBciency. 

8B, 

»••••••• 

1808,* 

2,005,000 
1,008,000 

3,082,000 
8,107,000 

8,000,000 
8,676,000 

2,868,000 
8,604,000 

05.60 

8A, 
8B. 

1804, \ 

07.80 
00.16 

8  A. 

1805, 
1806. 

( 

00.22 

8B, 

00.16 

8  A 

00.78 

8B,        • 

00.54 

»••••••• 

8  A,       . 

t        -       w       _               -    . 

00.70 

*  Three  months  only. 


The  table  shows  that  Filter  No.  8  A  has  been  operated  at 
a  higher  rate  of  filtration  than  Filter  No.  3  B,  although  it  can  be 
stated  here  that  it  has  been  the  intention  to  have  the  two  filters 
operating  at  equal  rates.  (The  explanation  of  the  difference  in  rate 
of  flow  is  given  on  page  516  and  following.)  The  table  also  shows 
that  the  bacterial  efficiency  of  Filter  No.  8  A  has  always  averaged 
greater  than  that  of  Filter  No.  3  B,  and  it  can  be  stated  here,  and  an 
examination  of  the  tables  of  daily  results  given  in  the  various  reports 
will  show,  that  its  uniform  efficiency  has  also  been  greater. 

The  reason  that  continuous  filtration  has  been  so  entirely  success- 
ful is  the  fact  that  the  river  water  always  contains  dissolved  oxygen 
in  such  quantities  that  the  effluents  of  the  continuous  filters  always 
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contain  it,  except  in  midsummer,  when  with  filters  of  fine  sand  its 
entire  or  almost  entire  absence  has  been  noted  on  several  occasions. 
The  effluents  of  filters  constructed  of  sand  as  coarse  as  that  of  filters 
Nos.  3  B  and  8  A  have  never  shown  an  entire  absence  of  oxygen. 


Filters  Nos.  3  B  and  8  Aj  one  two-hundredth  of  an  Acre  in  Area. 

Comparison  of  Quantitative  Efficiency  in  Gallons  per  Acre  Daily ^  the  Average 
Number  of  Gallons  filtered  between  Scrapings^  and  the  Per  Cent,  of  Bacteria 
removed  in  Winter  Weather,  Dec.  1, 1896,  to  Feb.  27, 1897. 


TSiJSVLVm  OF  FiLTIB. 


is 

«  a. 

< 


M 

B 
o, 

m 

<j 

o 

a 

a 


■■  •«  ^ 


a  ^ 


1.  2  c  iS 


SB  «  cJ® 

C  S  s  o- * 

< 


<^ 


^ 


;1- 

Joe 

ii  *>  u 


3B, 
8  A, 


85 
85 


6 
6 


1,406,291 
1,603,064 


3,142,600 
8,582,200 


46,876,400 
64,122,800 


0,400 
0,400 


183 

78 


08.50 
00.17 


The  Quantitative  Capacity  of  the  Intermittent  and  Continuoi^s  FiU 

'ters  Nos.  3B  and  8  A.  .  . 

The  table  on  page  507  shows  that  the  average  rates  of  filtration  for 
filters  Nos.  3 B  and  8  A  w^ere',  respectively,  2,868,00Q  and  3,964,000 
gallons  per  acre  daily.  The  whole  number  of  gallons  filtered  during 
the  year  was  4,045,440  gallons  for  3  B  and  5,984,107  for  8  A,  or  3  B 
filtered  1,339,000  gallons  less  than  8  A,  although  the  intention  was 
to  have  the  same  number  of  gallons  pass  through  each  filter  every 
day.  To  do  this,  of  course,  the  rate  of  filtration  of  3  B  would  neces- 
sarily be  greater,  during  a  portion  of  the  day,  than  the  rate  of  8  A, 
in  order  to  make  up  for  that  period  of  the  day  when  the  surface 
of  3B  was  uncovered  and  the  filter  simply  draining.  It  was  im- 
possible, however,  with  Filter  No.  8  A  operating  at  the  rate  given, 
to  equalize  the  flow  for  the  following  reason :  the  surface  of  3  B 
stands  uncovered  for  two  hours  each  day  and,  as  the  water  gradually 
sinks  away  from  the  surface,  air  presses  in  to  fill  up  the  interstices 
between  the  grains  of  sand.  When  water  is  again  turned  on  to  the 
filter  the  air  held  in  the  sand  works  its  way  to  the  surface,  or  is 
forced  downward  and  out  through  the  underdrains.  The  applied 
water  carries  considerable  fine  material  in  suspension,  and  this  is 
strained  out  at  the  surface  and  in  the  open  spaces  in  the  upper  layers 
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of  saDcl  so  that  the  channels  by  which  the  air  can  escape  easily  are 
soon  filled.  No  longer  having  an  easy  chance  of  escape,  the  air 
which  is  retained  in  the  filter  fills  up  the  open  spaces  and  increases 
the  frictional  resistance  to  the  passage  of  water  through  the  sand. 
Since  the  water  works  its  way  more  slowly  each  day  through  the 
filter,  owing  to  increased  clogging,  it  takes  a  longer  time  each  day 
for  the  intermittent  filter  to  uncover  and  also  for  it  to  return  to  its 
maximum  rate  of  flow.  The  more  slowly  the  rate  increases,  the 
smaller  the  amount  of  water  filtered  will  be  each  succeeding  twenty- 
four  hours.  Owing  largely  to  the  presence  of  air  in  the  filter, 
therefore,  the  quantity  of  water  filtered  through  3B  has  been  less 
than  through  8  A. 

Comparison  of  the  Quantitative  Efficiency  of  Intermittent  and  Continuous  Filters, 

3  B  and  8  A,  at  Different  Seasons  of  the  Tear. 


S  B  (iMTBmiaTTBNT). 

S  A  (Coimiruous). 

SBASOM  or  TBB  Ymam, 

Average 

Temperature 

of  Effluent 

(DegreesF.). 

Average 
Number  of 

Daya 
elapsed  be- 
tween 
Scraplnga. 

Average 
Number  of 

Oallona 
pasted  be- 
tween 
Scraplnga 
(per  Acre 
Dally). 

Average 

Temperature 

of  Effluent 

(Degrees  r.). 

Average 
Number  of 

Daya 
elapsed  be- 
tween 
Scraplnga. 

Average 
Number  of 

Gallons 
passed  be- 
tween 
Scraplnga 
(per  Acre 
Dally). 

Warm, 

Cold 

48 

17 
11 

3,568,000 
8,271,000 

71 
42 

17 
25 

4,487,000 
4,823.000 

The  table  also  shows  that  Filter  No.  8  A  was  scraped  much  oftener 
in  summer  than  in  winter,  but  this  low  summer  average  of  seventeen 
days  between  scrapings  was  partly  due  to  the  fact  that  the  surface 
of  this  continuous  filter  became  covered  several  times  during  the 
summer  with  a  thick  mat-like  growth  of  spirogyra  which  had  to  be 
removed.  Omitting  the  scrapings  from  this  cause  the  average  num- 
ber of  days  elapsing  between  scrapings  would  be  greater. 

One  reason  why  the  winter  average  of  days  elapsing  between 
scrapings  is  so  great  is  that  on  December  1  the  filter  was  spaded 
over  to  the  depth  of  6  inches. 


Air  dissolved  in  the  Water  and  its  Physical  Action  in  Filtration. 

The  canal  water  always  contains  some  dissolved  oxygen ;  the 
amount  varies  with  the  temperature  and  is  greater  in  cold  than  in 
warm  water.  During  summer  weather  the  canal  water  is  warm  and 
contains  a  small  amount  of  dissolved  oxygen ;   but  as  this  water 


518  STATE   BOARD   OF  HEALTH.         [Pub.  Doc. 

penetrates  the  filter  it  becomes  colder,  because  the  temperature 
Tvithin  the  filter  is  lower  than  that  of  the  water  or  outside  air  and 
for  this  reason  it  absorbs  some  of  the  air  held  in  the  sand.  Hence 
during  warm  weather  the  water  in  passing  through  the  filter  reduces 
the  amount  of  air  held  in  the  sand  and  thus  decreases  the  frictional 
resistance  of  the  filter  to  the  flow  of  water.  On  the  other  hand,  dur- 
ing cold  weather  the  water  when  applied  to  the  filter  is  generally 
nearly  or  quite  saturated  with  dissolved  oxygen  and  gives  up  part 
of  it  as  it  passes  down  through  the  warmer  bed  of  sand.  In  cold 
weather,  therefore,  while  passing  through  the  filter  the  water  in- 
creases the  amount  of  air  held  in  the  sand  and  as  a  result  the  fric- 
tional resistance  of  the  filter  to  the  passage  of  water  is  increased. 
It  is  also  true  that  the  viscosity  of  cold  water  is  greater  than  that  of 
warm  water  and  a  given  amount  of  frictional  resistance  in  a  filter 
will  retard  the  flow  of  water  in  winter  more  than  it  will  in  summer. 
Continuous  filters  are  affected  less  in  this  respect  by  the  change 
of  temperature  in  winter,  because  the  surface  of  the  filter  remains 
covered  and  the  air  set  free  from  the  water  as  it  passes  through  the 
filter,  and  held  in  the  sand,  is  not  added  to  by  air  introduced  by  sur- 
face exposure.  As  a  result,  the  frictional  resistance  to  the  passage 
of  water  is  less  than  in  an  intermittent  filter  and  the  period  between 
scrapings  is  longer.  These  conclusions  are  of  the  filtration  of  water 
of  about  the  character  of  that  of  the  Merrimack  River. 

liemoving  Air  from  Filters  hy  allowing  them  to  stand  with  Outlets 

closed  for  Twenty-four  Hours, 

It  has  been  found  that,  when  air  has  accumulated  in  the  pores  of 
a  continuous  filter  to  such  an  extent  that  it  interferes  with  and  de- 
creases the  rate  of  filtration,  allowing  the  filter  to  stand  inoperative 
for  twenty-four  hours,  with  its  surface  covered  with  water,  expels, 
absorbs  or  exhausts  the  air,  and  on  again  starting  filtration  the 
frictional  resistance  of  the  filter  to  the  passage  of  water  has  de- 
creased and  the  desired  rate  of  filtration  can  be  continued  for  a 
considerable  period  without  the  necessity  of  scraping.  The  fol- 
lowing record  illustrates  this  point. 

The  prescribed  rate  of  Filter  No.  8  A  is  5,000,000  gallons  per 
acre  daily,  and,  as  this  filter  is  one  two-hundredth  of  an  acre  in 
area,  to  maintain  this  rate  it  is  necessary  to  filter  25,000  gallons  of 
water  each  twenty-four  hours.  As  before  stated,  an  effort  is  made 
to  operate  Filter  No.  3  B  at  the  same  rate. 
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Both  filters  were  scraped  on  a  certain  day  in  the  usual  manner, 
the  water  first  being  drained  from  them  sufficiently  to  allow  the  sur- 
face to  be  walked  upon.  This  draining  of  course  allowed  air  to  enter 
each  filter,  a  daily  occurrence  with  3  B  but  unusual  with  8  A  and 
occurring  only  at  times  of  scraping.  Both  filters  were  then  filled 
slowly  from  below  with  city  water  and  allowed  to  stand  for  twenty- 
four  hours  with  their  surfaces  covered  with  water.  On  putting  both 
filters  into  operation  again.  Filter  No.  8  A  allowed  only  14,738 
gallons  to  pass  through  it  in  the  first  twenty-four  hours  of  operation, 
although  the  outlet  valve  was  wide  open.  This  total  flow  increased 
dajly  owing  to  the  absorption  or  expulsion  of  the  air  from  the  filter, 
until  on  the  fourth  day  it  was  21,004  gallons,  where  it  remained  for 
several  days.  Filter  No.  3  B,  on  the  other  hand,  on  being  put  into 
operation  after  scraping,  allowed  29,351  gallons  of  water  to  flow 
through  it  on  the  first  day  and  this  rate  decreased  daily  until  on  the 
fourth  day,  with  the  outlet  valve  wide  open,  the  total  flow  was  only 
22,000  gallons.  This  being  the  usual  action  of  these  two  filters  after 
being  scraped. 

After  Filter  No.  3  B  had  been  in  operation  four  days  following 
scraping  and  Filter  No.  8  A  seven  days,  both  filters  were  allowed  to 
stand  inoperative  for  twenty-four  hours  with  their  surfaces  covered 
with  water.  Following  this  treatment  it  was  possible  to  maintain 
the  desired  rate  of  flow  through  Filter  No.  8  A  for  seven  days. 
With  Filter  No.  3  B,  however,  only  on  the  day  following  standing 
closed  did  the  volume  of  effluent  approximate  25,000  gallons,  and 
on  this  day  the  filter  was  operating  continuously. 

Summarizing,  it  can  be  said  that  when  Filter  No.  8  A  is  scraped 
to  remove  clogging  and  air  allowed  to  enter  it,  on  again  starting  fil- 
tration, other  things  being  equal,  its  rate  of  flow  is  low  at  first  but 
increases  day  by  day  for  several  days.  When  Filter  No.  3  B  is 
treated  in  a  like  manner  its  rate  of  flow  is  greatest  on  the  day  fol- 
lowing such  treatment  and  decreases  daily. 

Allowing  both  filters  to  stand  inoperative  for  twenty-four  hours 
has  a  more  permanent  effect  upon  the  rate  of  Filter  No.  8  A  than 
upon  the  rate  of  Filter  No.  3  B. 
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Table  showing  the  Effect  of  closing  the  Outlet  of  IntermiUent  and  Continuous  Fil- 
ters, Not.  3B  and  8  A,  for  Twenty-four  Hours,  at  Different  Seasons. 


• 

Wakm  Wbathbr. 

Cold  Wkatheb. 

SUHBXB  or  FiLTXB. 

Average 
Tempera- 
ture of 
Effluent 
(Degrees  F.). 

AVXRAOK  MUMBSB  OF  OALLOMS 

FILTBBKD  PBR  ACKK  DAILY 

DDBING  THB  PBBIOD  FBOM  — 

Average 
Tempera- 
ture of 
Effluent 
(Degrees  F.). 

AYKBAGE  KDMBBR  OF  GALLONS 

FILTERED  fBR  ACKK  DAILY 

DUKItiO  THK  FKRIilD  FKOM  — 

Scraping 
to  Standing 

Closed 
for  94  Hours. 

Standing 
Closed  for  24 

Hours 

to  the  next 

Scraping 

Scraping 
toStMnding 

ClOSfK) 

for  24  Hours. 

Standing 
CluhHl  tor  24 

Hours 

to  the  next 

Hera  ping. 

8B,         •        •        • 

O  <M.y               •             •             • 

68 

74 

8,878,000 
4,960,000 

3,641,000 
4,405,000 

40 
89 

8,848,000 
8.061,000 

2,958,000 
8,895,000 

• 

This  table  shows  that  by  allowing  continuous  filter  No.  8  A  to 
stand  closed  for  twenty-four  hours  in  cold  weather,  the  average  daily 
flow  increased  from  3,081,000  gallons  per  acre  daily  to  3,395,000 
gallons  per  acre  daily,  an  increase  of  314,000  gallons.  In  warm 
weather,  on  the  other  hand,  the  average  daily  flow  fell  off  from 
4,960,000  gallons  per  acre  daily  to  4,405,000  gallons  per  acre  daily, 
a  decrease  of  555,000  gallons.  The  reasons  why  the  flow  increased 
in  cold  weather  has  already  been  explained.  Turning  to  the  figures 
for  intermittent  Filter  No.  3  B  we  find  that  the  quantitative  capacity 
fell  off,  in  warm  weather,  from  3,878,000  gallons  per  acre  daily  to 
3,641,000  gallons,  or  6  per  cent.,  and  in  cold  weather  from  3,348,- 
000  gallons  per  acre  daily  to  2,958,000  gallons,  or  11  per  cent. 
From  this  we  may  infer  that  standing  closed  produced  less  effect  in 
cold  than  in  warm  weather.  The  reasons  for  this  are  found  in  the 
facts,  as  stated  on  page  517,  that  a  greater  quantity  of  air  collects  in 
the  sand  in  cold  weather,  and  also  because  the  viscosity  of  the  water 
is  greater  in  cold  weather.  These  two  factors  combine  to  increase 
the  frictional  resistance  to  the  passage  of  water  through  the  sand  and 
reduce  the  quantitative  capacity  of  the  filter. 

The  mechanical  disturbance  caused  by  spading  the  surface  has 
already  been  referred  to  in  connection  with  the  decrease  in  bacterial 
efficiency  which  follows  scraping,  and  it  has  been  shown  on  page  519 
that  the  quantitative  efficiency  of  an  intermittent  filter  is  greater 
than  that  of  a  continuous  filter  on  the  few  days  which  immediately 
follow  a  scraping.  It  is  interesting  to  note  in  this  connection  the 
average  number  of  bacteria  in  the  effluents  of  filters  Nos.  3  B  and 
8  A  on  the  days  after  a  scraping  in  1896. 
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Average  Number  of  Bacteria  in  the  Effluents  of  Fillers  Nos.  3  B  and  8  A  for  the 

Three  Days  following  Scraping,  1896. 


NDMBKB  or  FiLTBB. 

Whole  Number  of 
Timet  scraped. 

Average  Number  of 

BMcterlA  pt-r  <  'ubic 

Centimeter  in  Effluent. 

SB, 

20 
16 

88 

8  A •       • 

27 

This  table  shows  that  the  number  of  bacteria  per  cubic  centimeter 
was  greater  in  the  effluent  from  intermittent  Filter  No.  3  B  than  in 
the  effluent  from  continuous  Filter  No.  8  A.  We  may  therefore 
infer  that  scraping  produced  the  most  marked  effect  on  the  bacterial 
efficiency  of  the  intermittent  filter,  but  it  must  also  be  remembered 
that  the  rate  of  filtration  of  Filter  No.  3  B  has  been  greater  imme- 
diately after  scraping  than  the  rate  of  Filter  No.  8  A. 


Average  Chemical  Analysis  for  the  Tear  1896  of  the  Effluents  of  Fillers  Nos, 

3  Band  8  A, 

[Parts  per  100,000.] 


Bate. 

(kiUons 

per  Acre 

Daily. 

i 

Ammoxia. 

i 

NiTBOORM  AS 

1 

a 
O 

KUMBBB  or  FiLTBB. 

1 

Albu- 
minoid. 

1 

9k 

Nitrites. 

3  B 

8A 

2,834,000 
3,678,000 

.29 
.20 

.0018 
.0017 

.0001 
.0086 

.21 
.21 

.027 
.027 

.0000 
.0001 

.29 
.29 

Intermittent  and  Continuous  Filtration  of  Water  more  polluted  than 

Merrimack  River  Water. 

The  water  of  the  Merrimack  River,  while  seriously  polluted  by 
the  large  volume  of  sewage  flowing  into  it  from  the  cities  and  towns 
on  its  watershed  above  Lawrence,  and  unsafe  for  domestic  purposes 
without  filtration  because  this  sewage  pollution  brings  disease  germs 
into  it,  does  not,  as  it  flows  by  Lawrence,  contain  enough  organic 
matter  to  prevent  the  presence  in  it  of  oxygen  at  all  seasons  of  the 
year.  The  presence  of  this  dissolved  oxygen  is  the  reason  that  con- 
tinuous filtration  of  this  water  is  successful. 

During  the  past  year  two  filters,  containing  5  feet  in  depth  of  sand 
of  an  effective  size  of  0.23  millimeter,  have  been  in  operation,  re- 
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ceiving  water  more  seriously  polluted  than  that  of  the  river  and  hence 
containing  less  dissolved  oxygen.  The  water  applied  to  these  filters 
is  river  water  to  which  a  certain  proportion  of  sewage  was  added 
and  then  the  mixture  allowed  to  stand  for  a  period  before  flowing 
upon  the  filters.  This  period  of  standing  was  for  the  purpose  of 
exhausting  more  of  the  oxygen  of  the  river  water  than  would  have 
been  exhausted  if  the  mixture  had  been  applied  directly  to  the  fil- 
ters. One  of  the  filters  was  operated  continuously  and  the  other 
one  intermittently. 

Average  Analysis  of  the  Water  applied  to  Filters  Nos,  68  and  69* 

[ParU  per  100,000.] 


Ammomia. 

ChlorlDe. 

NlTKOOBN  AS 

Oxygen 
Contained. 

Bacteria  per 

Cubic 
Centimeter. 

Color. 

Fre«. 

Albnmlnoid 

Nitntet. 

Nltrttea. 

.4T 

.1068 

.0432 

.M 

.026 

.0014 

.49 

188,000 

An  examination  of  this  table  shows  that  the  water  applied  to  these 
two  filters  has  contained  eleven  times  as  much  free  ammonia,  two  and 
one-half  times  as  much  organic  matter  determined  as  albuminoid  am- 
monia, and  twenty-four  times  as  many  bacteria  per  cubic  centimeter 
as  the  river  water.  (See  table,  page  532.)  In  regard  to  the  oxygen 
dissolved  in  the  water,  it  can  be  stated  that  it  averaged  much  less  than 
that  in  the  river  water  and  was  much  more  variable  in  amount  from 
day  to  day,  but  was  never  found  to  be  entirely  absent  in  the  water 
when  applied  to  these  two  filters,  except  upon  one  occasion.  The 
filters  were  put  in  operation  May  19  at  the  rate  of  5,000,000  gallons 
per  acre  daily;  this  rate  was  reduced  May  25  to  2,500,000  gallons 
per  acre  daily,  and  on  August  20  to  1,000,000  gallons  per  acre  daily 
and  continued  at  this  rate  for  the  remainder  of  the  year.  As  stated 
before.  Filter  No.  68  was  operated  continuously  and  Filter  No.  69 
intermittently.  Dissolved  oxygen  was  always  present  in  the  effluent 
of  Filter  No.  69  while  it  was  not  found  in  the  effluent  of  Filter  No. 
68  on  numerous  occasions  during  the  warm  weather.  The  average 
amount — percentage  of  saturation — found  up  to  December  31,  in 
the  effluent  of  Filter  No.  68,  was  8.70,  and  in  the  effluent  of  Filter 
No.  69, 43.30.  During  the  first  two  months  of  operation  both  filters 
gave  effluents  containing  high  numbers  of  bacteria  and  showing  only 
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a  small  reduction  of  the  organic  matter  of  the  applied  water.  Dur- 
ing the  remainder  of  the  year  much  better  results  were  obtained  from 
both  filters  but  especially  from  intermittent  Filter  No.  69. 

Average  Monthly  and  Yearly  Bacterial  Efficiency  of  Filters  Nbs,  68  and  69* 

[May  to  December,  inclatlve,  1896.] 


Method 
of  Operation. 

AvBRAOi  Pbk  Cbiit.  of  Bactbbia  Rbmovbd  — 

27UMBBB  or 

FlLTKB. 

May. 

Jane. 

Jaly. 

Aug. 

Sept 

Oct 

Nov. 

Dec 

Average. 

68,  .       •        . 

69,  .       .       . 

CootlDaoaa,    . 
iDtermittent,  . 

49.80 
80.00 

14.83 
78.70 

87.72 
08.25 

00.76 
00.10 

05.58 
08.53 

07.02 
00.40 

06.08 
00.84 

08.48 
00.88 

76.89 
91.80 

During  December  the  average  daily  number  of  bacteria  found  in 
the  effluent  of  Filter  No.  68  was  more  than  2,000,  while  in  Filter  No. 
69  it  was  less  than  200,  and  it  is  apparent  from  this  table  that  the 
filters  improved  in  bacterial  efficiency  steadily  from  May  to  Decem- 
ber. It  is  also  apparent  that  the  intermittent  filter  improved  faster 
and  obtained  a  higher  degree  of  efficiency  than  the  continuous  Filter 
No.  68. 

The  average  rate  of  filtration  was  about  the  same,  but  in  order  to 
maintain  the  rate.  Filter  No.  69  was  scraped  more  frequently  than 
Filter  No.  68,  on  account  of  the  frictional  resistance  to  the  flow  of 
water  caused  by  the  gelatinous  organic  matter  left  in  the  surface 
layers  of  the  sand  by  this  highly  polluted  water  and  its  power  to 
hold  the  air  introduced  by  the  surface  exposure  of  this  intermittent 
filter.  It  is  probable  that  raking  the  filter  would  have  been  as  eflec- 
tive  in  many  instances  as  scraping,  and  of  course  more  economical. 

The  chemical  purification  of  the  applied  water  that  was  effected  by 
these  two  filters  is  shown  by  the  following  table  :  — 


Effluent  of  Filters  Nos.  68  and  69* 

[ParU  per  100,000.] 


Aremge 
Kate. 

Oallnns 

per  Acre 

Dally. 

1 

Ammoitia. 

1 

NlTBOOBW  A8 

• 

NUICBBB  OF  FILTBB. 

1 

• 

2 

< 

• 

< 

• 

1 

9k 

s 

a 

68 

60,       ••■•■• 

1,766,000 
1,831,000 

.40 
.25 

.1666 
.0885 

.0202 
.0188 

.61 
.64 

.048 
.147 

.0016 
.0018 

.82 
.25 
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Omitting  the  results  obtained  during  the  first  two  months  of  opera- 
tion of  these  filters,  we  have  the  following  averages :  — 


Effluent  of  Filters  Nos.  68  and  69. 

[Parts  per  100,000.] 


Arerage 
Kate. 

Oallona 

per  Acre 

Dally. 

• 

6 

Ammomia. 

NlTBOOKM  A8 

Oxygen 
Uooaumed. 

Ndmbib  of  Filtsb. 

1 

Alba- 
minold. 

• 

i 

1 

Bacteria  % 
Cubic  Ce 
meter. 

«8.         .... 
00 

1,447,000 
1,871,000 

.86 
.24 

.1402 
.0175 

.0250 
.0181 

.07 
.07 

.026 
.160 

.0018 
.0014 

.84 
.26 

7,200 
1,754 

For  further  details  in  regard  to  these  filters  see  pages  558  to  564. 


Double  Filtration  of  Highly  Polluted  Waters. 

By  the  filtration  of  a  highly  polluted  water  through  filters  Nos.  68 
and  69,  a  considerable  degree  of  purification  has  been  obtained. 
This  is  especially  true  of  the  results  obtained  by  intermittent  Filter 
No.  69,  which  towards  the  end  of  the  year  produced  an  etSuent  not 
only  quite  pure  chemically  but  with  comparatively  low  numbers  of 
bacteria.  Whether  a  water  of  the  character  of  that  applied  to  these 
filters  would,  with  the  purification  obtained  by  Filter  No.  69  towards 
the  end  of  the  year,  be  a  safe  water  for  domestic  purposes  is  a  sub- 
ject of  considerable  importance,  but  not  one  upon  which  much  data 
can  be  given  at  the  present  time.  A  study  of  the  degree  of  purifi- 
cation to  be  obtained  by  a  second  filtration  of  this  water,  that  is,  a 
filtration  of  the  effluent  of  filters  Nos.  68  and  69,  was  begun  Septem- 
ber 18.  A  filter  containing  5  feet  in  depth  of  sand  of  an  effective 
size  of  0.23  millimeter  was  put  in  operation,  receiving  the  combined 
effluents  at  the  rate  of  5,000,000  gallons  per  acre  daily.  This  ap- 
plied water  stood  in  a  wooden  collecting  basin  before  going  to  the 
filter,  and  the  number  of  bacteria  increased  either  by  growth  or  con- 
tamination, so  that,  as  applied  to  the  filter,  its  bacterial  contents 
were  somewhat  higher  than  when  flowing  from  filters  Nos.  68  and 
69.  This  last  filter  was  designated  Filter  No.  79,  and  during  the 
first  two  months  of  operation  its  bacterial  efl5ciency  was  low,  being 
only  54.10  per  cent.,  due,  in  part,  it  is  now  believed,  to  the  passage 
of  a  small  percentage  of  the  water  down  the  side  of  the  filter,  and 
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not  through  the  sand.  At  any  rate,  when  this  was  suspected  and  the 
filter  reconstructed  upon  November  20,  the  bacterial  efficiency  of  the 
filter  became  slightly  higher. 

The  main  cause  of  the  low  efficiency,  however,  was  undoubtedly 
due  to  the  fact  that  the  water  applied  to  the  filter  had  already  passed 
through  the  5  feet  of  sand  in  either  Filter  No.  68  or  No.  69  and  been 
largely  relieved  of  that  organic  matter  originally  present  in  it  which 
is  deposited  upon  the  sand  grains  and  forms  the  gelatinous  coating  so 
important  in  producing  satisfactory  bacterial  results.  It  will  be  re- 
membered in  this  connection  that  in  the  report  of  the  Board  for  1894, 
pages  586  to  589,  inclusive,  results  obtained  by  applying  Lawrence 
city  (filtered)  water  to  five  sand  filters  are  given  and  discussed.  In 
this  experiment  the  filters  used  had  all  been  in  operation  filtering  river 
water  during  the  previous  year,  and  although  they  had  remained  out 
of  operation  for  a  period  of  several  months  immediately  preceding  the 
application  to  them  of  this  filtered  water,  yet  their  sand  grains  held 
a  considerable  coating  of  organic  matter,  as  shown  by  the  tables  on 
pages  602-604,  in  the  same  report.  Notwithstanding  this  fact,  how- 
ever, **it  was  not  until  their  fourth  week  of  operation  that  the 
number  of  bacteria  in  any  of  the  effluents  became  as  low  as  that  in 
the  city  water  applied,"  and  the  decrease  after  this  period  was  very 
gradual. 

With  Filter  No.  79,  then,  constructed  of  clean  sand  almost  entirely 
free  from  organic  matter,  it  is  not  surprising  that  even  a  longer  period 
has  been  required  to  obtain  a  condition  of  the  sand  capable  of  giving 
satisfactory  bacterial  efficiency,  even  though  the  filtered  water  applied 
has  not  averaged  so  free  from  organic  matter  as  the  city  filtered  water 
applied  to  the  filters  in  1894  in  the  experiment  referred  to. 

If  a  water  containing  more  organic  matter  had  been  applied  to 
Filter  No.  79,  a  shorter  period  of  low  efficiency  would  have  resulted, 
because  the  sand  grains  would  have  become  more  quickly  covered 
with  this  organic  matter. 

Increased  Numhei's  of  Bacteria  found  in  the  Effluents  of  Filters 

after  standing  closed  for  Twenty-four  Hours. 

Bacterial  analyses  show  that  the  number  of  bacteria  in  the  effluent 
from  the  water  filters  increased  when  the  filters  stood  inoperative 
for  twenty-four  hours.  In  order  to  make  repairs  the  water  was 
drawn  out  from  the  Essex  Company's  canal  frequently  during  the 
year,  and  at  such  times  the  outlets  of  the  water  filters  were  shut  and 
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the  filters  allowed  to  stand  with  their  surfaces  covered  with  water. 
Unusually  great  numbers  of  bacteria  were  found  in  some  of  their 
effluents  when  they  were  again  put  into  operation. 

Average  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluents  from  the  Water 

Filters  before  and  after  standing  closed. 


FILTBB8  NUXBBB8  — 

SB. 

7  A. 

8A. 

18. 

88. 

48. 

68. 

68. 

64. 

Day  before*       •       . 
Day  after,  .... 

24 

24 

69 
127 

16 
89 

42 
102 

49 
681 

82 
168 

47 
174 

81 
124 

90 
818 

From  this  table  it  is  apparent  that  intermittent  Filter  No.  3  B  was 
less  affected  than  its  continuous  mate,  Filter  No.  8  A.  It  is  also 
apparent  that  the  continuous  Filter  No.  33,  constructed  of  fine  sand 
and  operated  at  a  low  rate,  was  affected  in  a  greater  degree  than  were 
any  of  the  other  filters.  It  is  also  true  that  the  water  which  passed 
through  it  was  deprived  of  its  dissolved  oxygen  to  a  greater  degree 
than  in  the  instance  of  the  other  filters,  because  the  slow  rate  of  fil- 
tration and  the  compactness  of  the  sand  gave  a  great  opportunity 
for  the  organic  matter  in  the  sand  to  combine  with  the  oxygen  car- 
ried in  the  water. 

Average  Per  Cent,  of  Saturation  of  Dissolved  Oxygen  in  the  Effluents  from  the 

Water  Filters,  1896. 


FlLTBBS  NUMBBBS  — 

8B. 

7  A. 

8A. 

88. 

48. 

69. 

68. 

64. 

Per  cent,  of  saturftUoD,  .       • 

84 

68 

67 

40 

71 

46 

61 

66 

In  this  table  the  average  per  cent,  of  saturation  of  the  effluent  of 
Filter  No.  33  is  given  as  40,  but  as  an  actual  matter  of  fact  the  efflu- 
ent from  Filter  No.  33  often  contained  less  than  1  per  cent,  of  the 
oxygen  necessary  for  saturation. 

When  the  filters  were  put  into  operation  after  standing  inoper- 
ative, analyses  of  the  effluents  collected  at  different  hours  showed 
that  the  number  of  bacteria  per  cubic  centimeter  was  greater  in  the 
first  portion  of  the  effluent  than  in  the  portion  of  the  effluent  which 
issued  after  the  filter  had  been  in  operation  for  several  hours.  This 
is  well  shown  in  the  following  table :  — 
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Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filters  Nos.  8  A, 
33  and  43,  after  standing  closed  for  2'ioenty-four  Hours,  Nov.  15, 1896. 


In  8AMPLBS  OOLLBOTBO  AFTEB  THE  VaLVB  HAD  BBKN  QpBN  FOE  — 

FlLTBB  NUMBBB. 

5  Minutes. 

1  Hour. 

2  Hours. 

4  Hoars. 

6  Hours. 

8  Hours. 

8A» 

88, 

48 

11 

82 
628 

18 
235 
140 

18 

218 

08 

21 
118 
117 

18 

98 
112 

15 
44 

100 

These  samples  were  collected  in  November,  when  the  applied 
water  was  nearly  saturated  with  dissolved  oxygen  and  the  dissolved 
oxygen  in  the  effluent  from  Filter  No.  33,  for  the  month,  averaged 
80  per  cent,  of  that  necessary  for  saturation. 

After  Filter  No.  33  A  had  stood  closed  for  several  hours,  in  warm 
weather,  the  effluent  often  contained  great  numbers  of  bacteria,  as 
shown  in  the  following  table :  — 

Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filter  No.  33  A, 

on  Sept.  21, 1896* 

IV  8AMPLB8  COLLBCTBD  AFTBB  THB  VALVB  HAD  BBEM  OPBN  FOB— 


6  MlnoleB. 

IHonr. 

2  Hours, 

4  Hoors. 

6  Hours. 

8  Hours. 

24  Hours. 

1.808 

1,246 

1,148 

1,040 

682 

668 

118 

*  The  filter  stood  closed  over  SuodBy,  September  20. 


The  high  numbers  of  bacteria  found  in  the  effluent  might  have 
been  due  to  several  causes.  For  instance,  the  bacteria  might  have 
grown  on  the  organic  matter  in  the  sand,  or  the  mechanical  disturb- 
ance made  by  opening  the  valve  suddenly  might  have  formed  chan- 
nels through  the  sand,  or  the  bacteria  which  were  present  in  the 
water  before  closing  might  have  multiplied  gradually. 

In  order  to  determine  which  of  these  factors  was  the  probable 
cause  of  the  high  numbers,  city  water  was  applied  to  Filter  No.  33 
on  September  25  and  26.  Up  to  September  24  canal  water  had 
been  applied  to  Filter  No.  33,  and  city  water  was  now  applied 
because  it  contained  certain  characteristic  and  easily  identified 
species  of  bacteria.     After  the  filter  had  become  seeded  with  these 
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species  they  ought  to  have  multiplied  abundantly  if  the  increase  was 
due  to  the  fact  that  the  bacteria  fed  on  the  organic  matter  in  the 
sand.  Analyses  showed,  however,  that  the  maiority  of  the  bacteria, 
forming  .he'high  number,  i„  the  .mu™..  did  not  1»long  .o  lb. 
species  which  were  characteristic  of  the  city  water. 

When  the  filter  was  put  into  operation  again  on  September  28, 
after  standing  closed  for  twenty-four  hours,  canal  water  was  applied 
as  usual,  and  if  any  channels  had  been  formed  in  the  sand,  the  num- 
ber of  bacteria  in  the  efSuent  ought  to  have  been  greatest  when  the 
canal  water  first  worked  its  way  through  the  filter.  The  applied 
water  required  about  eight  hours  to  pass  through  the  sand,  and  as 
a  matter  of  fact  the  numbers  of  bacteria  had  begun  to  decrease  by 
that  time,  as  shown  in  the  following  table  :  — 

Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filter  No.  33  A^ 

on  Sept,  28, 1896, 

Aptbs  thb  Valvb  had  bkbn  Opbn  fob  — 


6  Mlnntet. 

1  Hour. 

3  Hoars. 

4Hoiin. 

5  Hoars. 

6  Hoars. 

8  Hoars. 

10  Boors. 

24  Hours. 

2,394 

2.646 

2,145 

8,696 

6,072 

2,898 

1,932 

1,071 

872 

This  table  shows  the  numbers  of  bacteria  found  in  the  effluent 
increased  from  the  first  to  the  fifth  hour  and  then  decreased  steadily. 
It  is  evident,  therefore,  that  the  high  numbers  were  not  due  to  the 
presence  of  canal  water,  which  had  been  purified  only  partially  in 
its  passage  through  the  sand.  Experiments  made  on  other  days 
showed  that  the  number  of  bacteria  found  in  the  effluent  decreased 
steadily  from  the  time  when  the  valve  was  first  opened.  This  is 
well  illustrated  by  the  table  on  page  527. 

In  order  to  make  a  more  complete  test  for  channels  through  the 
sand,  a  pure  culture  of  B.  prodigiosus  was  added  to  the  applied  water 
on  September  26  and  28,  but  the  organism  was  found  in  only  two 
samples  of  the  effluent.  Had  there  been  any  channels  through  the 
sand  it  would  have  appeared  in  greater  numbers. 

The  bacteria  which  were  most  common  in  the  effluent  belonged 
to  a  single  species,  as  is  shown  in  the  following  table,  giving  the 
number  of  bacteria  which  belonged  to  each  of  the  four  species  found 
most  frequently  in  the  effluent  from  Filter  No.  33  A  on  Sept.  28, 
1896 :  — 
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[Bacteria  p«r  Cubic  Ceatimeter  belonglog  to  th«  Different  Species.] 


In  Samplb  collkotko  aftsb  Valvb  had  bbbn  opbn— 


5  miDatea, 

1  hour,  • 

2  boara, 
4  boura, 

6  boora, 
6  houra, 
8  boura, 

10  boura, 
124  boura, 


0 

7 

2,200 

0 

12 

2,400 

17 

0 

2,000 

« 

6 

3,300 

10 

10 

6,600 

32 

0 

2,672 

18 

4 

1,000 

7 

8 

1,061 

8 

66 

164 

Specie! 
No.  7. 


187 

228 

128 

349 

686 

260 

10 

4 

0 


This  table  indicates  that  an  average  of  about  65  per  cent,  of  the 
bacteria  found  in  the  effluent  belonged  to  species  No.  6,  one  of  the 
<;lass  of  bacteria  which  is  known  as  Facultative  AnaerobeSj  or  bac- 
teria which  can  grow  without  access  to  air.  Attention  has  already 
been  called  to  the  fact  that  this  species  was  especially  prevalent  in 
the  portion  of  the  effluent  which  issued  during  the  first  six  hours, 
when  the  water  contained  the  smallest  amount  of  dissolved  oxygen. 

These  bacteria  appeared  in  the  effluents  from  the  various  other  fil- 
ters, but  in  smaller  numbers. 

The  results  of  the  foregoing  experiments  and  analyses  indicate  that 
the  high  numbers  of  bacteria,  which  appeared  in  the  effluents  from 
filters  after  they  had  stood  closed  for  twenty-four  hours,  were  not  due 
to  a  growth  of  many  kinds  of  bacteria  on  the  organic  matter  in  the 
sand,  nor  to  channels  in  the  sand  made  by  throwing  the  valve  open 
suddenly,  but  were  largely  due  to  the  natural  multiplication  of  a 
single  species. 

Period  of  Service  of  a  Filter  and  its  Influence  upon  Bacterial 

Efficiency. 

The  efficiency  of  a  filter  in  removing  bacteria  increases  as  the 
organic  matter  upon  and  between  the  sand  grains  increases.  The 
volume  of  water  that  can  pass  through  the  filter  in  a  given  time 
decreases  as  the  organic  matter  increases.  A  new  filter  containing 
sand  of  an  effective  size  of  0.23  millimeter,  such  sand  as  in  filters 
Nos.  3  B  and  8  A,  will,  with  an  acting  head  equal  to  the  depth  of 
the  filter,  allow  water  to  pass  at  the  rate  of  43,000,000  gallons  per 
acre  daily  ;  the  desired  rate  of  filtration  being  obtained  by  checking 
the  flow  at  the  outlet  of  the  filter.  As  the  surface  clogs,  this  need 
of  checking  the  flow  grows  less,  until  even  with  the  outlet  gate  wide 
open  and  with  an  acting  head  equal  to  the  depth  of  the  filter  the  rate 
of  flow  will  not  be  equal  to  the  rate  of  filtration  desired.     The  filter 
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surface  is  then  scraped  and  the  removal  of  sediment  and  organic  mat- 
ter puts  the  main  body  of  sand  in  a  condition  such  that  its  maximum 
rate  is  nearly  or  quite  equal  to  its  initial  maximum  rate.  As  the 
filter  continues  in  operation,  however,  the  organic  matter  gradually 
penetrates  deeper  into  the  body  of  sand,  so  that  the  maximum  rate 
becomes  decidedly  less,  even  with  a  freshly  scraped  filter  surface. 
This  organic  matter  not  only  retards  the  flow  of  water  but  acts  in 
the  same  manner  as  the  surface  scum  or  schmutiidecke  in  removing 
bacteria,  and  is  of  especial  value  in  making  good  bacterial  efficiency 
possible  when  the  filter  is  first  put  into  operation  after  a  surface  dis- 
turbance. 

At  the  end  of  1896,  after  filters  Nos.  3B  and  8  A  had  been  in 
operation  for  more  than  three  years,  an  examination  of  the  sand  in 
each  filter  showed  the  following  amounts  of  nitrogen  present  in  parts 
per  100,000  by  weight  of  dry  sand  :  — 


Nitrogen, 

[Parts  per  100,000.] 

Dbpth  (Inohbs). 

Filter 

No.  SB 

(Intenntttent). 

FUter 

No.  8  A 

(Contlnuoui). 

Drpth  (Inohbs). 

Filter 

No.  SB 

(Intermittent). 

Filter 

No.  8  A 

(Contlnuooe). 

0-1 

8 

...... 

9 

12,      ...        . 

86.4 

^6.0 

8.8 

5.8 

3.6 

88.4 

28.2 

10.4 

8.0 

6.2 

18 

24 

36,      ■        •        ■        . 
eu,      ■       .       .        . 

.  2.1 
1.8 
2.0 
2.0 

2.8 
2.0 
1.8 
1.8 

The  total  amount  of  organic  matter  upon  the  grains  of  sand  is 
shown  more  clearly  by  the  following  table,  giving  the  per  cent,  by 
weight  of  dry  sand  which  the  samples,  taken  from  the  different 
depths  in  the  filter,  lose  upon  ignition  :  — 

Loss  on  Ignition, 

[Per  Cent,  of  Weight.] 


Dbpth  (Inohbs). 

Filter 

No.  SB 

(Intermittent). 

FUter 
No  8A 

(Continuous). 

Dbpth  (Inohbs). 

Filter 

No.  SB 

(Intermittent). 

Filter 

No.  8  A 

(Contlnaoof). 

0-1.      .... 

1.31 

1.21 

18 

0.40 

0.40 

8 

0.76 

0.88 

mif           •              .              •              ■ 

0.48 

0.49 

«,.... 

0.62 

0.78 

36.      •        .        •        • 

0.50 

0.43 

9 

0.54 

0.67 

40,       .        •        •        . 

0.44 

0.87 

12.      ...        . 

0.64 

0.58 
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Beach  Sand  and  Berkshire  Sand. 

Upon  Sept.  2,  1895,  a  filter  was  constructed  containing  48  inches 
in  depth  of  sand  obtained  from  Plum  Island,  twenty  miles  from 
Lawrence,  upon  the  seashore.  The  object  of  this  filter  was  to  study 
the  efficiency  in  water  filtration  of  sand  from  a  different  locality,  and 
perhaps  of  a  differently  shaped  grain  from  the  sands  of  the  vicinity 
of  Lawrence  which  had  been  used  in  all  the  water  filters  previously 
constructed  at  the  station. 

Two  filters  were  also  constructed  at  the  same  time  of  Berkshire 
sand,  a  white,  sharp,  pure  quartz  sand,  such  as  is  used  in  the  manu- 
facture of  glass.  These  filters  contained  24  and  12  inches  in  depth 
of  sand  respectively. 

During  the  first  year  of  operation  of  Filter  No.  62,  containing  the 
beach  sand,  its  bacterial  efficiency  was  98.93  per  cent.,  and  during 
its  second  year  its  efficiency  was  99.25  per  cent.  Its  rate  of  opera- 
tion for  the  two  years  was  4,700,000  and  4,880,000  gallons  per  acre 
daily  respectively.  .  Comparing  these  results  with  those  obtained  by 
filters  Nos.  48  and  49,  in  operation  during  1893,  1894  and  1895, 
and  containing  Lawrence  sand  of  about  the  same  effective  size  as  the 
beach  sand,  shows  that  the  beach  sand  was  fully  as  eflScient  as  the 
Lawrence  sand.  The  same  statement  can  also  be  made  in  regard  to 
the  Berkshire  sand. 

The  Water  taken  from  the  Mei^mack  River  and  applied  to  the 

Experimental  Filters. 

The  water  applied  to  the  filters  during  1896  has  been  Merrimack 
River  water  taken  from  the  Essex  Company's  canal.  The  large 
12-inch  pipe  from  the  canal  to  the  station  was  removed  during  the 
year  and  a  new  6-inch  pipe  laid.  This  new  pipe  is  under  ground, 
while  the  12-inch  pipe  was  above  ground  and  could  not  be  used  dur- 
ing cold  weather,  making  us  dependent  upon  water  drawn  through 
a  small  pipe  from  the  canal.  With  the  new  pipe  an  ample  supply 
can  be  obtained  at  all  seasons. 

The  results  of  the  analyses  of  the  water  as  it  flows  upon  the  filters 
are  given  in  the  next  two  tables ;  the  first  giving  the  average  daily 
results  of  two  or  more  bacterial  determinations  and.  the  second  giving 
the  monthly  averages  of  the  chemical  analyses,  together  with  the  re- 
sults of  bacterial  determinations  of  samples  taken  at  the  same  time 
that  the  samples  for  chemical  analysis  were  taken. 
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Monthly  Averages  of  Analyses  of  Canal  Water  {Merrimack  River). 

[ParU  per  100.000.] 


■ 

Tempera- 
ture. 

Dtg.F. 

i: 

o 

a 

Ammoiiia. 

• 

1 

.80 

MlTIOOKHAS 

Per  Cent  of  Dii- 
•olyed  Oxjgen. 

o 

1 

ALBUMINOID. 

if 

1 

• 

s 

a 

Bacteria  per  Cs 
Centimeter. 

18»«. 

*• 

1 

® 

o 
1 

January, 

36 

.40 

.0060 

.0188 

.0166 

.028 

.0000 

.48 

96 

8,100 

Fobmary,     . 

84 

.48 

.0058 

.0156 

.0142 

.18 

.028 

.0000 

.46 

97 

18,900 

March,  .       . 

85 

.80 

.0082 

.0128 

.0106 

.18 

.014 

.0000 

.84 

100 

6,500 

April,    .       . 

47 

.40 

.0021 

.0158 

.0129 

.18 

.010 

.0000 

.88 

100 

8,100 

May,      . 

02 

.80 

.0062 

.0162 

.0144 

.18 

.018 

.0000 

.88 

90 

8.800 

June,     . 

00 

.46 

.0187 

.0188 

.0168 

.19 

•016 

.0000 

.41 

81 

9,000 

July,     .       . 

76 

.84 

.0184 

.0177 

.0164 

.27 

.018 

.0001 

.26 

66 

8,900 

August, 

77 

.81 

.0140 

.0182 

.0157 

.26 

.012 

.0003 

.29 

72 

4,400 

September,    , 

65 

.88 

.0119 

.0104 

.0175 

.24 

.017 

.0004 

.86 

77 

5,700 

October, 

55 

.48 

.0005 

.0220 

.0206 

.23 

.017 

.0008 

.68 

88 

11,500 

Noyember,    , 

45 

.51 

.0074 

.0198 

.0167 

.10 

.014 

.0001 

.58 

98 

4,800 

December,    . 

36 

.48 
.40 

.0007 

.0197 

.0188 

.21 
.21 

.020 

.0000 

.50 

100 

7,700 

Ayerage, 

58 

.0066 

.0177 

.0159 

.016 

.0001 

.41 

88 

6,800 

Application  of  Bacillus  Prodigiosus, 

Pure  cultures  of  B.  prodigiosus  were  applied,  together  with  the 
canal  water,  to  filters  Nos.  3B,  7  A,  8A,  33,  43,  68,  69  and  79,  at 
different  periods  from  July  to  November.  The  method  of  applying 
the  germs  has  been  described  in  earlier  reports  (see  annual  report 
of  the  Board  for  1892,  page  529),  and  during  1896  the  same  system 
has  been  followed,  except  that  they  were  applied  in  smaller  num- 
bers. The  pure  culture  of  B.  prodigiosus  was  prepared  for  appli- 
cation by  inoculating  a  solution  containing  one-tenth  of  a  per  cent, 
of  peptone  and  two-tenths  of  a  per  cent,  of  glucose  dissolved  in  city 
water  with  a  pure  culture  of  the  bacilli  and  allowing  them  to  grow 
four  days  at  20  degrees  C.  This  mixture  was  applied  to  filters  Nos. 
3  B,  7  A  and  8  A,  from  July  1  to  October  6,  in  the  proportion  of  one 
part  of  the  mixture  to  170,000  parts  of  canal  water,  at  intervals  of 
one  hour  for  ten  hours  a  day  on  six  days  in  a  week. 

From  July  26  to  November  30  the  mixture  was  applied  to  filters 
Nos.  68  and  69,  and  from  October  27  to  November  30  the  mixture 
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was  applied  to  Filter  No.  79,  in  the  proportion  of  one  part  to  170,000 
parts  of  canal  water. 

As  has  been  stated  on  page  525,  the  effluent  from  Filter  No.  33  A 
often  contained  great  numbers  of  bacteria.  In  order  to  determine 
whether  these  organisms  worked  their  way  through  the  filter  by 
channels  in  the  sand,  the  B.  prodigiosus  mixture  was  applied  to 
33  A,  in  the  proportion  of  one  part  to  170,000  parts  of  canal  water, 
from  July  14  to  28.  On  September  21  the  amount  was  doubled  and 
the  mixture  applied  for  two  weeks  in  the  proportion  of  one  part  to 
85,000  parts  of  canal  water.  On  October  26  and  30,  November  6 
and  16,  the  mixture  was  applied  for  one  day  in  the  same  propor- 
tion. 

Besides  the  filters  already  mentioned.  Filter  No.  43  was  tested  on 
November  16  by  the  application  of  one  part  of  mixture  to  85,000 
parts  of  canal  water. 

The  following  table  contains  the  average  number  of  B. prodigiosus 
cells  per  cubic  centimeter  in  the  applied  water :  — 

Average  Number  per  Cubic  Centimeter  of  Bacillus  Prodigiosus  in  Applied  River 

Water  for  Ten  Hours  Daily,  1896, 


DAT  OF  Month. 


July. 


AngQit 


September. 


October. 


NoTember. 


1. 
2, 
8. 
4. 

5. 
6. 
7, 
8, 

10. 
11. 
13, 
13. 
14, 
16, 

W. 
17, 
18, 
19, 
20, 
21, 
22. 
28, 
24, 
25, 
2fl. 
27. 
28. 
29, 
80. 
31. 


263 
235 


359 

412 

12 

1.635 

91 

69 

159 
94 
429 
235 
1S8 
212 

271 
229 
165 
424 
694 


141 
41 

200 
106 
212 


76 

200 

82 

. 

. 

69 

94 

. 

136 

129 

224 

• 

94 

71 

182 

112 

. 

171 

118 

. 

129 

. 

200 

388 

. 

147 

• 

124 

282 

112 

106 

265 

. 

88 

271 

66 

106 

— 

. 

129 

163 

124 

- 

94 

141 

. 

129 

m. 

69 

271 

. 

6 

82 

• 

118 

200 

. 

1,094 

- 

182 

885 

294 

271 

69 

. 

376 

. 

129 

136 

66 

294 

• 

69 

. 

. 

94 

94 

106 

76 

• 

376 

412 

• 

94 

200 

129 

-. 

. 

147 

- 

147 

— 

• 

86 
100 

66 
100 
106 

76 

100 
94 
68 
68 


129 
71 

66 


129 
68 
71 

124 
200 

88 
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Work  of  the  Water  Filters,  1896. 

The  remaiDder  of  this  report  upon  water  filtration  gives  the  de- 
tails in  regard  to  the  construction  and  operation  of  the  water  filters, 
together  with  tables  of  the  results  obtained. 

Filter  No.  3  B. 

This  intermittent  filter,  one  two-hundredth  of  an  acre  in  area, 
was  started  Sept.  23,  1893,  and  contained  60  inches  in  depth  of 
sand  of  an  effective  size  of  0.23  millimeter.  The  history  of  this 
filter  up  to  Jan.  1,  1896,  has  been  published  in  the  annual  reports 
of  the  Board.  The  method  of  treatment  and  the  points  in  connec- 
tion with  the  operation  of  the  filter  which  were  of  special  importance 
during  1896  are  described  in  the  following  paragraphs. 

The  whole  number  of  gallons  filtered  during  the  year  amounted  to 
4,630,261,  and  the  rate  averaged  2,867,000  gallons  per  acre  daily. 
The  gate  in  the  canal  water  pipe  was  closed  daily  (excepting  Sun- 
days) at  5  A.M.  The  surface  became  and  remained  uncovered  for 
two  hours  during  the  warmest  part  of  the  day  as  a  result  of  this 
treatment.  On  October  31a  roof  of  heavy  planking  was  built  over 
the  filter  in  order  to  protect  it  from  the  WiBather;  on  November  12 
the  top  and  sides  of  this  roof  were  covered  with  two  feet  of  sand. 
From  June  13  to  19  Filter  No.  3B  ran  continuously.  During  the 
years  1893,  1894, 1895  and  part  of  1896  the  filter  ran  continuously 
on  Sunday,  excepting  when  closed,  but  after  Nov.  1,  1896,  the  filter 
ran  intermittently  on  Sunday,  excepting  when  closed.  The  largest 
of  the  two  pipes  which  supplied  the  filter  with  canal  water  was 
closed  on  account  of  cold  weather  in  November,  1895.  The  rate 
of  Filter  No.  3  B  was  therefore  reduced  to  1,500,000  gallons  per 
acre  daily  from  Nov.  24,  1895,  to  April  19, 1896.  On  April  20  the 
rate  was  increased  to  4,000,000  gallons  per  acre  daily ;  and  the  rate 
was  again  increased  on  June  29  to  5,000,000  gallons  per  acre  daily. 
On  the  days  when  the  gate  was  opened  after  scraping,  and  on  several 
days  after  the  filter  had  stood  closed  for  several  hours  on  account  of 
low  water  in  the  canal,  the  filter  ran  continuously  for  twenty-four 
hours.  High  water  in  the  river  flooded  the  filter  on  March  I,  and 
the  gate  in  the  efiSuent  pipe  was  shut  until  March  9.  On  March  10 
the  filter  was  drained,  the  river  silt  scraped  from  the  surface  and 
the  filter  filled  slowly  with  city  water  from  below. 
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OwiDg  to  the  fact  that  the  water  was  drawn  down  in  the  canal,  the 
gate  on  the  oatlet  had  to  be  closed  for  periods  varying  from  three  to 
four  hoars  on  the  following  dates :  January  4,  12,  26,  February  6, 

9,  16,  May  2,  16,  23,  30,  June  27,  July  11,  25,  August  1,  11, 
September  12,  19,  26,  October  17,  November  7,  14.  The  gate  was 
also  closed  on  the  following  dates  for  longer  periods:  during  the 
freshet  on  March  1  the  gate  was  closed  for  two  hundred  and  fifty- 
four  hours ;  for  sixty-nine  hours  while  the  new  canal  pipe  was  being 
laid,  on  August  7,  8,  9 ;  and  for  sixty-three  hours  on  September  5, 
6,  7.  During  all  of  these  periods  the  filter  remained  covered  with 
water. 

In  order  to  remove  clogging  at  the  surface,  one-half  an  inch  of  sand 
(approximately)  was  removed  by  scraping  the  surface  on  January  3, 
29,  February  11,  May  11,  27,  June  17,  July  7,  21,  August  5,  13, 
31,  September  24,  October  13,  22,  29,  November  10, 19,  December 

10,  31.  After  scraping  the  surface,  the  filter  was  raked  to  a  depth  of 
1  inch  and  city  water  was  applied  slowly  from  below  until  it  covered 
the  surface.  After  the  surface  became  covered,  canal  water  was  ap- 
plied and  the  filter  put  into  operation,  as  soon  as  the  depth  of  water 
on  the  surface  reached  16  inches.  On  March  24  a  strip  3  feet  wide 
was  scraped  across  the  filter,  the  sand  below  this  strip  was  then 
spaded  6  inches  deep,  and  canal  water  applied  at  once  from  above. 
This  experiment  was  tried  in  order  to  show  the  effect  produced  by 
scraping  and  disturbing  a  small  section  of  a  filter  at  a  time.  On 
April  8  and  November  19  the  whole  surface  was  scraped,  and  then 
spaded  over  from  6  to  9  inches  deep.  Canal  water  was  applied  upon 
the  surface  instead  of  filling  from  below  after  scraping  on  April  8. 
A  slight  growth  of  spirogyra  appeared  on  the  surface  of  the  filter 
during  July  and  August.  The  exposure  to  the  sun's  rays  while  the 
surface  was  uncovered  each  day  checked  the  growth  of  this  algae  and 
prevented  it  from  forming  such  great  masses  as  developed  upon  con- 
tinuous  Filter  No.  8  A.  The  mixture  of  B.  prodigiosus  (described 
on  page  533)  was  applied  to  Filter  No.  3  B  for  ten  hours  a  day  from 
July  1  to  November  24,  in  the  proportion  of  one  part  to  33,000 
parts  of  canal  water. 

Bacteriological  analyses  were  made  each  day,  excepting  on  Sun- 
days, of  four  samples  of  effluent  collected  at  different  hours.  The 
average  number  of  bacteria  per  cubic  centimeter  found  in  these  sets 
of  samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of  Filter 

No.  3  B,  1896. 
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10 
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Effluent  of  FiUer  No.  3  B. 

[PsrU  per  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Daily. 

Tbmpbhatubb. 
Dko.  F. 

• 

1 

.86 

Ammonia. 

• 

a 

i 

.20 

NITBOOBN 
AS 

Oxygen 

Consamed. 

Per  Cent,  of  Dis- 
solved Oxygen. 

Bacteria  per 
Cubic    CenU- 
meter. 

18»«. 

Applied 
Water. 

§ 

3 

* 

Albu- 
minoid. 

• 

s 

2 

•-* 

• 

• 

January,  . 

1,186,000 

36 

86 

.0011 

.0100 

.033 

0 

.37 

94 

22 

February, 

1,401,000 

34 

40 

.36 

.0013 

.0086 

.18 

.027 

0 

.33 

94 

42 

March, 

1,432,000 

86 

36 

.28 

.0006 

.0076 

.17 

.018 

0 

.26 

98 

49 

April, 

2,344,000 

47 

46 

.29 

.0006 

.0077 

.13 

.016 

0 

.27 

96 

28 

May, . 

3,368,000 

62 

66 

.26 

.0006 

.0069 

.18 

.028 

0 

.27 

76 

19 

Jane, 

4,088,000 

09 

66 

.27 

.0008 

.0006 

.21 

.028 

0 

.27 

79 

14 

July. 

3,740,000 

76 

76 

.16 

.0022 

.0076 

.26 

.026 

0 

.17 

68 

18 

August,     . 

3,637,000 

77 

76 

.11 

.0014 

.0083 

.26 

.026 

0 

.16 

67 

18 

September, 

8.734,000 

66 

63 

.18 

.0016 

.0086 

.22 

.027 

0 

.26 

74 

13 

October,   . 

3,133,000 

65 

67 

.28 

.0010 

.0100 

.27 

.081 

0 

.28 

81 

10 

November, 

2,989,000 

46 

43 

.46 

.0012 

.0116 

.19 

.022 

0 

.42 

87 

170 

December, 

2.966,000 

36 

36 

.44 

.29 

.0033 

.0123 

.22 
.21 

.032 

0 
0 

.40 

96 

129 

Average,    . 

2,834,000 

63 

63 

.0013 

.0091 

.026 

.29 

83 

44 

Filter  No.  7  A. 

This  continuous  filter,  one  two-hundredtb  of  an  acre  in  area,  was 
started  July  20,  1894,  and  contained  24  inches  in  depth  of  sand  of 
an  effective  size  of  0.26  millimeter.  The  history  of  the  filter  up  to 
Jan.  1,  1896,  has  been  published  in  the  annual  reports  of  the  Board. 
The  points  in  connection  with  the  operation  of  the  filter  which  were 
of  special  importance  during  1896  are  described  in  the  following 
paragraphs. 

The  filter  was  not  operated  from  Nov.  24, 1895,  until  April  13, 1896, 
but  on  the  latter  date  was  put  in  operation  at  a  prescribed  rate  of 
5,000,000  gallons  per  acre  daily.  The  whole  number  of  gallons 
filtered  amounted  to  4,813,825,  and  the  rate  averaged  4,124,000 
gallons  per  acre  daily  for  the  period  of  operation.  A  short  trap  at- 
tached to  the  outlet  prevented  air  from  entering  the  filter  at  the  bottom. 

Spirogyra  grew  in  masses  and  clogged  the  surface  of  the  filter 
badly  during  July  and  August.     The  depth  of  water  on  the  surface 
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of  the  filter  was  kept  at  32  inches  until  July  1,  when  it  was  reduced 
to  16  inches.  A  roof  of  heavy  planking  was  built  over  the  filter  on 
October  31  in  order  to  protect  it  from  the  weather,  and  the  top  and 
sides  of  the  roof  were  covered  with  2  feet  of  sand  on  November  12, 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
for  periods  varying  from  three  to  twenty-four  hours  on  the  following 
dates :  May  2,  16,  23,  June  27,  July  11,  25,  August  1, 11,  Septem- 
ber 12, 19,  26,  October  17,  November  7, 14,  21.  The  gate  was  closed 
on  the  following  dates  for  a  longer  period  of  time :  from  April  17  to 
20  for  sixty-one  hours,  on  account  of  high  water ;  from  August  7  to  9 
for  sixty-nine  hours ;  and  September  5  to  7  for  sixty-three  hours. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  at  the  surface,  one-half  an  inch  of 
sand  (approximately)  was  removed  by  scraping  the  surface  of  the 
filter  on  May  9,  30,  June  25,  July  15,  22,  August  7,  20,  Septem- 
ber 1,  15,  October  2,  14,  23,  November  12,  28. 

After  scraping,  the  filter  was  filled  slowly  with  city  water  from 
below,  and  as  soon  as  the  surface  became  covered  canal  water  was 
turned  on,  and  the  gate  on  the  efiluent  pipe  opened  when  the  depth 
of  water  on  the  surface  reached  16  inches.  After  scraping  and  fill- 
ing from  below  on  May  30,  the  gate  on  the  effluent  pipe  was  closed 
for  fifty  hours.  Instead  of  being  scraped  the  surface  was  raked  1  inch 
in  order  to  remove  clogging,  and  the  filter  filled  slowly  from  below 
with  city  water  on  December  24. 

A  mixture  containing  a  pure  culture  of  B,  prodigiosus  was  applied 
for  ten  hours  a  day  from  July  1  to  October  9,  in  the  proportion  of 
one  part  of  mixture  to  170,000  parts  of  applied  canal  water. 

Bacteriological  analyses  were  made  each  day  excepting  Suilday  of 
four  samples  of  effluent  collected  at  different  hours,  and  the  average 
number  of  bacteria  per  cubic  centimeter  found  in  these  samples  is 
given  in  the  record  of  daily  analyses  in  the  following  table  :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  7  A,  1896. 
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MotUMy  Averages  of  Analyses  of  Effluent  of  Filler  No.  7  A. 

[ParU  per  100,000.] 


Quantity 
of 

Gallons 

per  Acre 

DaUy. 

TSMPiaATURS. 

Daa.  F. 

1 

.83 

• 

AsnfONiA. 

1   ' 
§ 
.12 

NITBOOBK 
A8 

Oxygen 

C6nsnmed. 

Percent  of  Dis- 
solved Oxygen. 

Bacteria  per 
Cubic    Centi- 
meter. 

1S»6. 

Applied 
Water. 

• 

i 

1 

• 

o 
£S 

• 

s 

1 

• 

■c 

April, 

6.050,000 

47 

61 

.0010 

.0108 

.018 

.0000 

.80 

96 

117 

May, . 

4,102,000 

62 

61 

.29 

.0008 

.0080 

.18 

.020 

.0000 

.27 

66 

16 

Jane, 

4,626,000 

69 

66 

.80 

.0018 

.0110 

.20 

.029 

.0000 

.26 

44 

108 

July, 

4,617,000 

76 

76 

.16 

.0023 

.0078 

.26 

.026 

.0001 

.18 

27 

16 

Aagnat,    . 

4,842,000 

77 

76 

.12 

.0013 

.0067 

.26 

.026 

.0000 

.17 

16 

26 

8tptemb«r,      • 

4,606,000 

66 

63 

.28 

.0020 

.0096 

.28 

.029 

.0000 

.28 

48 

66 

Octob«r,   •       • 

4,148,000 

66 

67 

.28 

.0026 

.0122 

.27 

.087 

.0000 

.80 

64 

161 

Novembtr, 

2,078,000 

46 

48 

.47 

.0027 

.0109 

.19 

.022 

.0000 

.44 

74 

48 

Decembtr, 

2,680,000 

86 

86 

.44 

.29 

.0046 

.0127 

.21 
.21 

.087 

.0000 

.42 

84 

226 

Average, 

4,164,000 

63 

60 

.0021 

.0102 

.027 

.0000 

.29 

67 

86 

Filter  m.  8  A. 

This  continaoas  filter,  one  two-hundredth  of  an  acre  in  area,  was 
started  Sept.  26,  1893,  and  contained  60  inches  in  depth  of  sand  of 
an  effective  size  of  0.23  millimeter.  The  history  of  this  filter  up  to 
Jan.  1, 1896,  has  been  published  in  the  annual  reports  of  the  Board. 
The  points  in  connection  with  the  operation  of  the  filter  which  were 
of  special  importance  daring  1896  are  described  in  the  following 
paragraphs. 

From  Nov.  25,  1895,  to  April  19,  1896,  Filter  No.  8  A  ran  at  a 
prescribed  rate  of  1,500,000  gallons  per  acre  daily.  The  rate  was  in- 
creased to  5,000,000  gallons  per  acre  daily  on  April  20, 1896.  The 
whole  number  of  gallons  filtered  during  the  year  amounted  to  5,984,- 
000,  and  the  rate  averaged  3,694,000  gallons  per  acre  daily  for  the 
days  of  operation.  A  trap  attached  to  the  outlet  prevented  air  from 
entering  at  the  bottom.  On  October  31a  roof  of  heavy  planking  was 
built  over  the  filter  in  order  to  protect  it  from  the  weather,  and  the  top 
and  sides  of  this  roof  were  covered  with  2  feet  of  sand  on  November  12. 

Spirogyra  began  to  appear  on  the  surface  about  July  1,  and  at 
times  the  water  over  the  surface  of  the  filter  became  completely 
filled  with  masses  of  these  filaments.     This  growth  of  algae  developed 
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so  rapidly  and  clogged  the  sand  to  such  a  degree  that  the  surface 
had  to  be  scraped  four  times  between  July  6  and  August  3. 

Owing  to  the  fact  that  the  water  was  drawn  down  in  the  canal , 
the  gate  on  the  outlet  was  closed  on  the  following  dates,  for  periods 
varying  from  three  to  twenty-four  hours  :  January  12,  February  9, 
16,  May  2,  16,  23,  30,  June  27,  July  11,  25,  August  1,  11,  Sep- 
tember 12,  19,  26,  October  17,  November  7,  14,  21.  The  gate 
was  closed  for  longer  periods  on  the  following  dates  :  March  1  to  11 
for  two  hundred  and  thirty-eight  hours  on  account  of  the  freshet ; 
April  17,  18,  19  for  sixty-one  hours  on  account  of  high  water; 
August  7,  8,  9  for  seventy-one  hours  while  the  new  canal  pipe  was 
being  laid.  During  all  of  these  periods  the  surface  of  the  filter  re- 
mained covered  with  water.  The  freshet  on  March  1  covered  the 
surface  of  the  filter  with  silt.  On  March  10  the  filter  was  allowed 
to  drain,  the  river  silt  removed,  and  the  filter  filled  slowly  from 
below  with  city  water.  The  gate  was  opened  on  ]!ilarch  11  and  the 
filter  started  at  a  prescribed  rate  of  1,500,000  gallons  per  acre  daily. 
On  August  3  canal  water  was  applied  immediately  at  the  surface 
after  scraping. 

In  order  to  remove  clogging  at  the  surface  one-half  an  inch  (ap- 
proximately) of  sand  was  removed  by  scraping  on  the  following 
dates :  January  4,  February  6,  April  11,  May  21,  June  15,  July  6, 
20,  28,  August  3,  15,  September  11,  October  12,  November  9,  De- 
cember 1,  and  after  scraping,  the  surface  of  the  filter  was  raked  to 
the  depth  of  1  inch.  In  order  to  remove  clogging  at  the  surface 
more  efficiently,  the  surface  was  spaded  from  6  to  8  inches  deep 
after  scraping  on  April  11,  August  15,  December  1.  The  filter 
was  usually  filled  slowly  from  below  with  city  water  after  scraping, 
^nd  as  soon  as  the  surface  became  covered,  canal  water  was  turned 
on  and  the  gate  on  the  outlet  opened.  On  August  15  and  Decem- 
ber 1  the  gate  was  closed  for  twenty-four  hours  after  filling  with 
city  water  before  the  filter  went  into  operation. 

B.  prodigiosua  mixture  was  applied  from  July  1  to  October  9  in 
the  proportion  of  1  part  of  mixture  to  170,000  parts  of  applied 
canal  water,  and  from  October  10  to  24  the  mixture  was  applied  in 
the  proportion  of  1  part  to  85,000  parts  of  applied  canal  water. 

Bacteriological  analyses  were  made  each  day  excepting  Sunday 
of  four  samples  of  effluent  collected  at  different  hours.  The  average 
number  of  bacteria  found  in  each  of  these  sets  of  samples  is  given  in 
the  record  of  daily  analyses  in  the  following  table :  — 


No.  34.] 


FILTRATION  OF  WATER. 


543 


Awragt  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of  Filter 

No.  SA,  1896. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  8  A. 

[PsrU  p«r  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

DaUy. 

Tkhpkbatdsk. 
Deo.  F. 

1 

.36 

Ammokia. 

• 

« 

B 

i 

.20 

NlTBOOEir 
1             A8 

Oxygen 

Consumed. 

Percent,  of  Dis- 
solved Oxygen. 

Bacteria  per 
Cubic    Centi- 
meter. 

1S»6. 

Applied 
Water. 

• 

1 

H 

• 

Albu- 
minoid. 

2 

January,  . 

1,768.000 

86 

86 

.0010 

.0097 

.033 

.0000 

.87 

86 

24 

February, 

1,676,000 

84 

86 

.84 

.0009 

.0082 

.18 

.030 

.0000 

.83 

82 

29 

March, 

1,778,000 

86 

86 

.28 

.0006 

.0066 

.17 

.018 

.0000 

.24 

87 

32 

April, 

3,103,000 

47 

47 

.80 

.0007 

.0076 

.13 

.018 

.0000 

.27 

82 

17 

May, .       .       . 

4,907,000 

62 

61 

.26 

.0008 

.0071 

.18 

.026 

.0000 

.26 

63 

16 

Jane, 

4,700.000 

09 

66 

.26 

.0009 

.0088 

.20 

.028 

.0000 

.23 

41 

16 

July, 

4,883,000 

76 

76 

.16 

.0026 

.0071 

.26 

.026 

.0010 

.17 

41 

8 

Angost,    . 

8,607,000 

77 

77 

.U 

.0018 

.0081 

.27 

.027 
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.16 

46 

89 

September, 

4,710,000 

66 

68 

.22 

.0020 

.0096 

.28 

.027 

.0000 

.26 

46 

110 

Oolober,    . 

4,707,000 

66 

67 

.27 

.0016 

.0096 

.27 

.048 

.0000 

.80 

66 

27 

November, 

4,807,000 

46 

48 

.46 

.0016 

.0096 

.19 

.020 

.0000 

.42 

77 

26 

Beeember, 

4,607,000 

36 

86 

.44 

.29 

.0067 

.0128 

.21 
.21 

.026 

.0000 

.42 

89 

109 

Average, 

8,078,000 

68 

68 

.0017 

.0086 

.027 

.0001 

.29 

67 

88 

Filter  No.  ISA. 

This  intermitteDt  filter,  20  inches  in  diameter,  was  started  Sept. 
17,  1889,  and  contained  62  inches  in  depth  of  sand  of  an  effective 
size  of  0.48  millimeter.  On  Aug.  31,  1895,  the  depth  of  sand  in 
the  filter  was  reduced  to  36  inches.  Before  the  filter  went  into 
operation  in  1896  the  bed  of  sand  in  the  filter  was  restored  to  its 
original  depth.  The  history  of  the  filter  up  to  Jan.  1,  1896,  has 
been  published  in  the  annual  reports  of  the  Board,  and  the  points 
in  connection  with  the  operation  of  the  filter  which  were  of  special 
importance  during  1896  are  described  in  the  following  paragraphs. 

After  draining,  the  filter  went  out  of  operation  on  Nov.  24,  1^95. 
One  foot  of  sand  was  taken  out  from  the  top  of  Filter  No.  18  A  on 
May  6,  1896,  the  sand  remaining  spaded  to  a  depth  of  1  foot,  and 
enough  sand  added  to  restore  the  bed  to  its  original  depth  of  62 
inches.  The  sand  used  for  this  purpose  was  obtained  by  mixing 
the  foot  of  sand  taken  out  from  18  A  with  sand  taken  from  Filter 
No.  «50,  which  had  been  in  operation  during  1895  and  contained  sand 
of  an  effective  size  of  0.48  millimeter. 
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May  7  the  filter  was  filled  slowly  from  below  with  city  water  and 
allowed  to  stand  over  night,  and  on  May  8  went  into  operation  at  a 
prescribed  rate  of  5,000,000  gallons  per  acre  daily.  The  operation 
of  the  filter  was  arranged  in  such  a  manner  that  the  surface  remained 
uncovered  for  two  hours  during  the  day.  The  filter  ran  continu- 
ously on  Sundays. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  twenty-four 
hours :  May  18,  23,  June  27,  July  13,  August  9, 11,  September  12, 
19,  26,  October  17,  November  7.  The  gate  was  closed  for  a  longer 
period  of  sixty-four  hours  on  September  5,  6,  7.  During  all  of 
these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  at  the  surface  the  filter  was  scraped 
as  follows  :  July  3,  0.26  of  an  inch  of  sand  was  removed ;  August  7, 
0.23  of  an  inch ;  October  19,  0.49  of  an  inch ;  October  29,  0.41  of 
an  inch  ;  November  12, 0.44  of  an  inch.  After  scraping,  canal  water 
was  applied  from  above  without  first  raking  the  surface  of  the  filter  or 
filling  from  below  with  city  water. 

A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
daily  excepting  Sundays.  The  number  of  bacteria  per  cubic  centi- 
meter found  in  these  samples  is  given  in  the  record  of  daily  analyses 
in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  oj  Filter 

No,  18  A,  1896, 


DAT. 


Maj. 


Jane. 


July. 


Angntt. 


September. 


October. 


November. 


1 

2 

3 

4 

ft. 

« 

f|»  •  •  ■  •  • 

8 

9 

10 

11, 

12 

13, 


- 

52 

13 

10 

83 

87 

- 

34 

19 

- 

15 

70 

- 

82 

21 

14 

19 

104 

- 

19 

- 

8 

24 

- 

- 

18 

- 

10 

28 

150 

- 

11 

18 

7 

- 

91 

- 

- 

10 

25 

- 

44 

24,800 

12 

20 

80 

880 

42 

900 

22 

83 

- 

258 

02 

- 

27 

19 

142 

184 

57 

460 

28 

84 

02 

87 

- 

195 

30 

- 

40 

91 

51 

109 

15 

20 

43 

- 

20 

23 
21 
83 
21 
11 
28 

107 
55 
82 
40 
78 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  ISA,  1896 —Concluded. 


Bat. 


May. 


June. 


July. 


Aagust. 


September. 


October. 


November. 


W 

16 

1« 

IT 

18 

W 

20 

21 

22 

28 

24 

26, 

26 

27 

28, 

29. 

30 


181 

- 

18 

24 

68 

0 

11 

24 

65 

12 

12 

- 

- 

22 

60 

26 

66 

20 

80 

18 

97 

18 

- 

26 

72 

0 

40 

10 

68 

- 

29 

18 

81 

162 

21 

61 

24 

82 

11 

- 

- 

81 

26 

24 

38 

26 

17 

10 

20 

28 

- 

94 

20 

13 

18 

60 

24 

- 

6 

24 

66 

16 

13 

16 

26 

20 

13 

- 

- 

- 

14 

8 

46 
20 
86 
60 
78 
146 

420 
164 
60 
09 
89 
64 

44 

10 

48 


48 

88 

6 

88 

188 
70 
29 
41 
62 
29 

89 
66 
12 
10 
14 
17 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No,  ISA, 

[Parts  per  100,000.] 


Qnantlty 

of 
Effluent. 

Oallona 

per  Acre 

DaUy. 

Tempbiatdbx. 
Dbg.  F. 

1 

.28 

Ammonia. 

• 

e 

.19 

Nitrogen 

AS 

Oxygen 

Consumed. 

Per  Cent  of  Dis- 
solved Oxygen. 

Bacteria  per 
Cubic    Centi- 
meter. 

189«. 

Applied 
Water. 

i 

• 

1 

Albu- 
minoid. 

• 

f 

s 
5 

May,         .       . 

8,687,000 

62 

63 

.0008 

.0100 

.026 

.0000 

.23 

78 

46 

Jane,        .       . 

4,648,000 

69 

72 

.86 

.0016 

.0180 

.18 

.086 

.0000 

.41 

67 

86 

July, 

4,029,000 

76 

76 

.18 

.0010 

.0084 

.28 

.061 

.0000 

.21 

68 

28 

Aagnst,    . 

6,026,000 

77 

78 

.18 

.0009 

.0072 

.29 

.084 

.0000 

.28 

64 

10 

September, 

4,888,000 

66 

67 

.20 

.0022 

.0096 

.26 

.046 

.0000 

.20 

47 

94 

October,  . 

4,878,000 

66 

64 

.42 

.0022 

.0129 

.26 

.026 

.0000 

.66 

83 

66 

November, 

4,668,000 

46 

60 

.49 
.80 

.0018 

.0108 

.22 
.24 

.028 

.0000 

.48 

88 

11 

Average, 

4,680,000 

64 

66 

.0016 

.0108 

.086 

.0000 

.82 

68 

60 
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Filter  No.  33  A. 

This  continuous  filter,  20  inches  in  diameter,  was  started  April 
28,  1892,  and  contained  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.14  millimeter.  The  history  of  the  filter  up  to  Jan.  1, 1896, 
has  been  published  in  the  annual  reports  of  the  Board,  and  the  points 
in  connection  with  its  operation  during  1896  which  were  of  special 
importance  are  described  in  the  following  paragraphs. 

The  filter  went  out  of  operation  on  Nov.  24,  1895,  and  on  May  8, 
1896,  was  again  started  at  a  rate  of  2,000,000  gallons  per  acre  daily. 
A  short  trap  attached  to  the  outlet  prevented  air  from  entering  at  the 
bottom  of  the  filter. 

For  purposes  of  experiment  Filter  No.  33  was  flooded  with  city 
(filtered)  water  instead  of  canal  water  on  September  25  for  twenty- 
four  hours ;  on  October  22,  23  and  24 ;  and  on  November  23  for 
twenty-nine  hours. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  twenty-four 
hours :  May  16,  23,  30,  June  27,  July  11,  August  9, 11,  September 
12,  19,  26,  October  17,  24,  28,  November  4,  7,  14,  21.  The  gate 
was  closed  for  a  period  of  sixty-two  hours  on  September  5.  During 
all  of  these  periods  the  surface  remained  covered  with  water.  As 
explained  on  pages  525-529,  the  bacteria  found  in  the  efftuent  from 
Filter  33  A  increased  very  greatly  in  number  during  the  periods 
when  the  gate  was  closed.  The  great  number  of  bacteria  seems  to 
have  been  due  to  the  multiplication  of  cells  belonging  to  a  single 
species,  which  found  the  conditions  existing  in  the  filter  at  the  time 
to  be  especially  favorable  for  their  development. 

In  order  to  remove  clogging  at  the  surface  the  filter  was  scraped 
on  the  following  dates  :  July  30,  0.31  of  an  inch  of  sand  was  removed  ; 
October  5,  0.44  of  an  inch  ;  and  November  30,  0.29  of  an  inch.  A 
mixture  containing  a  pure  culture  of  B.  prodigiosus  was  applied 
in  the  proportion  of  1  part  of  mixture  to  170,000  parts  of  applied 
canal  water,  from  July  14  to  31 ;  in  the  proportion  of  1  part  to 
85,000  parts  of  applied  canal  water,  from  September  21  to  October 
5  ;  and  in  the  same  proportion  on  November  6  and  16. 

A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
daily,  excepting  Sundays,  up  to  November  1 .  The  number  of  bacteria 
per  cubic  centimeter  found  in  these  samples  is  given  in  the  record 
of  daily  analyses  in  the  following  table :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effltienl  of  Filter  No. 

33  A,  1896. 


1 

i 

JULT. 

ADOntT. 

• 

Sbptkubbr. 

1      OCTOBBB. 

1 

1 

DAT. 

r 

if 

li 
.s 

1- 

1 

Is 
.s 

• 

1 

1 

Is 

.8 

• 

1 
II 

i 

1. 

- 

609 

64 

0 

62 

0 

16 

0 

26 

2 

1 

• 

2. 

- 

82 

43 

0 

- 

- 

11 

0 

168 

0 

67 

• 

8, 

- 

19 

14 

0 

14 

1 

66 

0 

148 

0 

- 

- 

4.       . 

- 

18 

- 

- 

19 

0 

40 

0 

- 

- 

- 

- 

5. 

- 

10 

- 

- 

43 

0 

63 

0 

123 

0 

- 

- 

«.       . 

- 

6 

27 

0 

12 

0 

- 

- 

216 

0 

- 

- 

7,       . 

- 

- 

13 

0 

16 

0 

- 

- 

43 

0 

- 

- 

8. 

2.300 

9 

20 

0 

16 

0 

138 

0 

26 

0 

1 

- 

• 

600 

17 

74 

0 

- 

- 

121 

0 

18 

0 

- 

- 

10,       . 

- 

12 

46 

0 

96 

0 

67 

0 

21 

0 

- 

• 

11.       . 

160 

12 

19 

0 

68 

0 

63 

0 

- 

- 

1      36 

80 

12,       . 

08 

9 

- 

- 

82 

0 

17 

0 

21 

0 

!      23 

- 

13,       . 

06 

14 

- 

- 

73 

0 

- 

- 

17 

0 

71 

- 

14, 

M 

- 

- 

- 

66 

0 

626 

0 

2 

0 

64 

- 

16,       . 

48 

16 

102 

1 

32 

0 

64 

0 

27 

0 

- 

• 

18,       . 

24 

17 

83 

8 

«• 

- 

87 

0 

34 

0 

100 

1 

- 

17.       . 

- 

14 

70 

2 

49 

0 

78 

0 

41 

0 

1      M 

- 

18.       . 

30 

10 

106 

0 

69 

0 

102 

0 

- 

- 

- 

8 

w.     . 

17 

11 

- 

- 

62 

0 

81 

0 

162 

0 

- 

. 

20,       , 

17 

10 

34 

0 

68 

0 

- 

- 

41 

0 

86 

- 

21,       . 

29 

- 

30 

1 

43 

0 

632 

0 

30 

0 

- 

- 

22,       . 

12 

12 

48 

0 

37 

0 

108 

0 

197 

0 

- 

- 

28,       . 

20 

33 

39 

1 

- 

- 

88 

2 

268 

0 

1 

- 

24, 

- 

10 

23 

2 

23 

0 

400 

118 

167 

0 

- 

96 

25,       . 

32 

0 

16 

1 

16 

0 

268 

1 

- 

- 

- 

- 

28.       . 

20 

9 

- 

«• 

29 

0 

267 

0 

44 

3 

- 

- 

27,       . 

23 

4 

67 

0 

42 

0 

- 

- 

«• 

- 

- 

- 

28,       . 

20 

- 

29 

1 

28 

0 

2,170 

0 

- 

- 

- 

- 

29, 

61 

80 

33 

0 

84 

0 

378 

0 

- 

- 

- 

- 

80,       , 

20 

28 

60 

1 

- 

- 

26 

0 

«• 

- 

- 

- 

31.       . 

- 

- 

19 

0 

26 

0 

- 

- 

24 

0 

- 

- 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  33. 

[Part*  p«r  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Dally. 

TXMPBRATUBZ. 
Dbo.  F. 

1 

.28 
.82 
.18 
.18 
.19 
.27 

.24 

AmfOViA. 

• 

1 

.19 
.18 
.28 
.28 
.25 
.25 

.24 

NlTKOOKir 
AS 

Oxygen 

Consumed. 

Per  Cent  of  Dl8- 
solred  Oxygen. 

Bacteria  per 
Cubic    Centi- 
meter. 

18»«. 

AppHed 
water. 

Effluent 

1 

Albu- 
minoid. 

• 

1 

s 

• 

5 

May,.       .       . 

Jane, 

July,        .       . 

August,    . 

September, 

October,  • 

November, 

December, 

1,446,000 
1,970,000 
2,010,000 
1,952,000 
1,949,000 
2,015,000 
1,927,000 
1,927,000 

62 
09 

76 
77 
65 
66 

68 
69 
73 
74 
66 
66 

.0006 
.0009 
.0024 
.0031 
.0026 
.0015 

.0090 
.0086 
.0077 
.0077 
.0095 
.0095 

.026 
.038 
.026 
.024 
.087 
.027 

.0000 
.0000 
.0012 
.0009 
.0000 
.0000 

.24 
.32 
.90 
.23 
.21 
.86 

48 

28 
6 
11 
30 
66 
80 
66 

22 
14 

48 
20 
71 
92 

Average, 

1,900,000 

67 

67 

.0019 

.0087 

.030 

.0004 

.26 

41 

46 

Filter  No.  43. 

This  continuous  filter,  20  inches  in  diameter,  was  started  May  30, 
1893,  and  contained  60  inches  in  depth  of  sand  of  an  effective  size 
of  0.26  millimeter.  The  history  of  the  filter  up  to  Jan.  1,  1896, 
has  been  published  in  the  annual  reports  of  the  Board,  and  the  points 
in  connection  with  its  operation  during  1896  which  are  of  special 
importance  are  described  in  the  following  paragraphs. 

From  Dec.  24,  1895,  to  July  28, 1896,  the  filter  was  not  in  opera- 
tion. On  the  latter  date  it  was  started  at  the  rate  of  5,000,000  gal- 
lons per  acre  daily.  Owing  to  low  water  in  the  canal  the  gate  on 
the  outlet  was  closed  for  periods  varying  from  two  to  twenty-four 
hours  on  the  following  dates :  August  9,  11,  September  12,  19,  26, 
October  17,  November  7,  14,  21.  The  gate  was  also  closed  for  a 
longer  period  of  sixty-two  hours  on  September  5,  6  and  7.  During 
all  of  these  periods  the  surface  remained  covered  with  water.  In 
order  to  remove  clogging  at  the  surface  the  filter  was  scraped  on  the 
following  dates :  September  12,  0.53  of  an  inch  of  sand  was  re- 
moved ;  October  5,  0.37  of  an  inch  ;  November  26,  0.37  of  an  inch ; 
December  22,  0.51  of  an  inch. 

After  scraping,  canal  water  was  usually  applied  at  once  without 
raking  the  surface  or  filling  from  below  with  city  water.  On  Novem- 
ber 26  the  surface  was  spaded  to  a  depth  of  4  inches,  city  water 
applied  slowly  from  below  until  the  surface  became  covered,  and  the 
gate  on  the  outlet  closed  for  nineteen  hours. 

A  mixture  containing  a  pure  culture  of  B.jprodigiosus  was  applied, 
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in  the  proportion  of  one  part  of  mixture  to  85,000  parts  of  canal 
water,  upon  November  16,  but  the  germ  did  notappear  in  the  effluent. 
A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
on  each  day,  excepting  Sundays,  from  July  28  to  November  13. 
The  number  of  bacteria  per  cubic  centimeter  found  in  these  samples 
is  given  in  the  record  of  daily  analyses  in  the  following  table :  — 

Avtrctge  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

43, 1896. 


DAT. 


Augntt. 


September. 


October. 


November. 


December. 


1. 
2. 
8. 
4. 
6. 
«. 
T. 
8. 
9, 
10. 

n. 

12, 
18, 
14. 
16. 

18. 

n. 

18. 

1». 

20. 
21. 
22, 
28. 
24, 
26. 
28. 
27. 
28. 
20. 
80, 
81, 


188 

42 

46 

18 

- 

40 

87 

80 

- 

167 

448 

22 

84 

00 

- 

14 

64 

48 

- 

10 

27 

- 

88 

- 

48 

- 

76 

17 

88 

118 

81 

- 

- 

346 

88 

164 

801 

60 

44 

185 

214 

89 

- 

93 

182 

26 

21 

91 

87 

18 

42 

81 

08 

82 

88 

111 

40 

38 

- 

- 

40 

48 

82 

145 

139 

81 

44 

106 

153 

- 

- 

88 

28 

64 

- 

88 

- 

82 

- 

48 

271 

60 

29 

84 

101 

67 

- 

- 

71 

87 

109 

77 

67 

69 

- 

46 

64 

- 

- 

88 

27 

81 

- 

81 

- 

89 

198 

70 

4t 

88 

- 

83 

17 

23 

- 

- 

88 

- 

- 

20 

- 

18 

- 

60 


84 


108 


112 
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Monthly  Averages  of  Analyses  of  Effluent  of  FiUer  No.  43. 

[ParU  p«r  100,000.] 


Quantity 

of 
Effluent. 

OaUont 

per  Acre 

DaUy. 

TXMPKBATUKB. 
Dbo.  F. 

1 

.22 
.43 
.60 

.88 

Ammovia. 

6 

.26 
.26 
.21 

.24 

NlTBOOXX 
▲8 

Oxygen 

^1 
2^ 

it 

1M«. 

< 

1 

1 

•1 

s 

1 

Bacterli 
Cnblo    < 
meter. 

Jnly, 

Aogaet,    . 
September, 
Oetober,   . 
November, 
December, 

6,000,000 
4,041,000 
4,804,000 
4,727,000 
4,774,000 
4,977,000 

65 
66 
46 

68 
54 
51 

.0026 
.0019 
.0016 

.0020 

.0101 
.0120 
.0108 

.0118 

.086 
.028 
.027 

.080 

.0000 
.0000 
.0000 

.24 
.64 

.46 

44 

68 
82 
08 

71 
77 
10 

Average, 

4,878,000 

55 

67 

.0000 

.41 

- 

68 

Filter  m.  62. 

This  continuous  filter,  20  inches  in  diameter,  was  started  Sept.  2, 
1895,  and  contained  48  inches  in  depth  of  sand  of  an  effective  size 
of  0.40  millimeter.  The  sand  for  this  filter  was  obtained  from  the 
beach  at  Plum  Island,  on  the  seacoast,  20  miles  from  Lawrence. 
The  history  of  the  filter  up  to  Jan.  1,  1896,  has  been  published  in 
the  annual  report  of  the  Board,  and  the  points  in  connection  with  the 
operation  of  this  filter  during  1896  which  are  of  special  importance 
are  described  in  the  following  paragraphs. 

After  draining,  the  filter  went  out  of  operation  on  Nov.  24,  1895. 
On  May  11,  1896,  city  water  was  applied  slowly  from  below  until 
the  surface  became  covered,  canal  water  turned  on,  and  the  filter 
put  into  operation  at  a  rate  of  5,000,000  gallons  per  acre  daily. 
When  the  filter  was  started,  on  May  11,  it  contained  39  inches  of  sand. 
A  short  trap  attached  to  the  outlet  prevented  air  from  entering  the 
filter  at  the  bottom.  On  account  of  low  water  in  the  canal  the  gate 
on  the  outlet  was  closed  on  the  following  dates  for  periods  varying 
from  two  to  forty-two  hours:  May  16,  23,  30,  June  27,  July  11, 
August  10,  11,  September  12,  19,  26,  October  17,  November  7. 
The  gate  was  closed  for  a  longer  period  of  sixty-two  hours  on  Sep- 
tember 5,  6,  7.  During  all  of  these  periods  the  surface  remained 
covered  with  water. 

On  May  25  the  surface  was  found  uncovered,  therefore  city  water 
was  applied  slowly  from  below  and  canal  water  turned  on  as  soon 
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as  the  surface  became  covered.  In  order  to  remove  clogging,  the 
surface  was  scraped  on  the  following  dates :  July  6,  0.40  of  an  inch 
of  sand  was  removed;  July  27,  0.36  of  an  inch;  August  11,  0.39 
of  an  inch ;  August  25,  0.34  of  an  inch ;  September  11,  0.30  of  an 
inch;  October  2,  0.33  of  an  inch;  October  28,  0.28  of  an  inch; 
November  10,  0.48  of  an  inch.  After  scraping,  canal  water  was 
applied  at  once,  without  raking  the  surface  or  filling  the  filter  from 
below  with  city  water. 

A  bacteriological  analysis  of  the  effluent  was  made  on  each  day 
excepting  Sundays.  The  number  of  bacteria  per  cubic  centimeter 
found  in  these  samples  is  given  in  the  record  of  daily  analyses  in  the 
following  table :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

62, 1896. 


DAT. 


M«7. 


June. 


July. 


Aogiut. 


September. 


Oct<^)«r. 


Norember. 


1 

2 

8,  .   ,   .   . 

4 

6 

• 

If  .   •   .   • 

8 

©..... 

10 

11)  •   •   .   • 

12.  ...   . 

13,  ...   . 

14 

16.  ...   . 
Ifl.  .    .   .   . 

17 

18.  ...   . 

1» 

20 

21,  ...   . 

22,  ...   . 

28 

24 

26 

26.  ...   . 

27 

28 

2» 

80,  . 

81.  .   .   .   \ 


2,160 
486 
728 
427 
124 
836 

628 
70 
78 
81 
00 
20 

188 
03 
60 
48 
66 
89 


01 
2,666 
82 
24 
82 
40 

28 
88 
86 
28 
26 
19 

17 
11 
10 
28 
28 
12 

22 
28 
28 
28 
21 
17 

24 
28 


62 
20 
21 


19 
19 
18 
62 
683 
24 

220 
17 
27 
86 

130 
48 

14 
72 
66 
418 
20 
0 

90 
22 
88 

47 

16 


20 

28 
16 
26 
12 
17 
26 

99 
48 
107 
60 
89 
86 

42 
27 
94 
36 
48 
17 

28 
38 
86 
61 
87 
27 

20 


82 
88 
82 
27 
46 


101 
69 
62 
86 
40 

44 

86 
64 
86 
102 
82 

003 
87 
67 
86 
81 
88 

21 
29 


41 

40 
221 

87 
86 
100 
76 
70 
20 

26 
71 
64 

77 
73 
42 

66 
09 
68 
20 
28 
19 

21 
39 
29 
27 

22 


27 
18 
28 
20 
16 
6 

184 
86 
68 
48 
79 
•6 
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Monthly  Averages  of  AndlyKS  of  Effluent  of  FiUer  No.  62. 

[ParU  per  100,000.] 


Quantity 

of 
Effluent 

Gallons 

per  Acre 

Dally. 

Tbupriutubb. 
Deo.  F. 

8 

.29 

Ammonia. 

. 

o 
a 

1 

JB 

.19 

KlTBOQKir 
A8 

Oxygen 

Contnmed. 

Percent  of  Dis- 
solved Oxygen. 

Bacteria  per 
Cubic    Centi- 
meter. 

18»«. 

Applied 
Water. 

a 

• 

Albu- 
minoid. 

i 

1 

May,. 

5,058,000 

62 

68 

.0008 

.0114 

.022 

.0000 

.27 

66 

106 

June, 

4,070,000 

69 

1 

69 

.85 

.0013 

.0106 

.18 

.080 

.0000 

.35 

88 

84 

July, 

4,894,000 

76 

73 

.17 

.0019 

.0099 

.29 

.030 

.0021 

.22 

10 

82 

August,    . 

4,681,000 

77 

74 

.19 

.0021 

.0081 

.28 

.032 

.0008 

.24 

29 

26 

Beptember, 

4,807,000 

65 

66 

.21 

.0019 

.0105 

.26 

.035 

.0000 

.25 

33 

60 

October,   . 

4,884,000 

65 

53 

.43 

.0023 

.0184 

.25 

.026 

.0000 

.67 

67 

84 

November, 

4,017,000 

46 

60 

.60 
.81 

.0018 

.0106 

.21 
.28 

.026 

.0000 

.46 

78 

16 

Average, 

4,901,000 

64 

65 

.0017 

.0106 

.030 

.0004 

.84 

45 

44 

Filter  No.  63. 

This  continuous  filter,  20  inches  in  diameter,  was  started  Sept.  2, 
1893,  and  contained  ?4  inches  in  depth  of  sand  of  an  effective  size 
of  0.16  millimeter.  The  sand  used  in  this  filter  was  a  white,  sharp, 
pure  quartz  sand,  from  Berkshire  County,  such  as  is  used  in  the 
manufacture  of  glass.  The  history  of  the  filter  during  1895  was 
published  in  the  annual  report  of  the  Board,  and  the  points  in  connec- 
tion with  the  operation  of  the  filter  during  1896  which  are  of  special 
importance  are  described  in  the  following  paragraphs. 

After  draining,  the  filter  went  out  of  operation  Nov.  24,  1895. 
The  surface  was  spaded  4  inches  deep  on  May  7,  1896,  and  enough 
new  Berkshire  sand  added  to  make  the  bed  of  sand  24  inches  deep ; 
city  water  was  then  applied  from  below.  After  the  surface  became 
covered  the  filter  was  allowed  to  stand  for  sixteen  hours.  Canal 
water  was  applied  May  8,  and  the  filter  put  into  operation  at  a 
rate  of  5,000,000  gallons  per  acre  daily.  This  rate  was  reduced 
to  3,000,000  gallons  on  June  1.  A  short  trap  attached  to  the  outlet 
prevented  air  from  entering  at  the  bottom. 

On  account  of  low  water  in  the  canal  the  outlet  of  the  filter  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  twenty- 
four  hours:  May  16,  22,  23,  30,  June  27,  July  11,  August  9, 11, 
September  12,  19,  26,  October  17,  November  7.     The  gate  was 
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closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  fol- 
lowing dates  :  on  May  15,  0.21  of  an  inch  of  sand  was  removed ;  on 
May  21,  0.29  of  an  inch ;  on  May  26,  0.20  of  an  inch ;  on  June  17, 
0.25  of  an  inch ;  on  June  23,  0.22  of  an  inch ;  on  June  30,  0.25  of 
an  inch ;  on  July  6,  0.28  of  an  inch ;  on  July  15,  0.29  of  an  inch ; 
on  July  22,  0.29  of  an  inch  ;  on  July  28,  0.27  of  an  inch ;  on  Au- 
gust 3,  0.23  of  an  inch  ;  on  August  14,  0.31  of  an  inch ;  on  August 
22,  0.29  of  an  inch  ;  on  August  31,  0.32  of  an  inch  ;  on  September 
10,  0.30  of  an  inch;  on  September  24,  0.24  of  an  inch ;  on  Octo- 
ber 5,  0.33  of  an  inch ;  on  October  14,  0.33  of  an  inch ;  on  October 
26, 0.32  of  an  inch ;  on  November  3, 0.24  of  an  inch.  After  scraping, 
canal  water  was  applied  at  once,  without  raking  the  surface  or  filling 
the  filter  with  city  water  from  below. 

A  bacteriological  analysis  of  the  effluent  was  made  on  each  dav 
excepting  Sundays.  The  number  of  bacteria  per  cubic  centimeter 
found  in  these  samples  is  given  in  the  record  of  daily  analyses  in  the 
following  table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No, 

63, 1896. 


DAT. 


May. 

Jane. 

July. 

August 

September. 

October. 

November 

261 

21 

14 

^8 

27 

. 

. 

49 

81 

— 

64 

94 

64 

- 

37 

14 

17 

64 

121 

43 

> 

24 

> 

19 

22 

. 

31 

. 

27 

• 

86 

27 

289 

18 

. 

29 

26 

18 

. 

• 

26 

• 

— 

16 

16 

. 

90 

11 

8,475 

19 

23 

17 

184 

67 

. 

1,600 

28 

18 

. 

107 

78 

84 

- 

16 

82 

76 

164 

40 

67 

600 

24 

16 

68 

89 

. 

67 

676 

28 

— 

46 

18 

22 

69 

290 

28 

46 

46 

• 

15 

62 

143 

• 

24 

22 

39 

68 

87 

84 

16 

84 

81 

60 

61 

. 

71 

17 

24 

. 

46 

42 

. 

— 

29 

29 

41 

88 

26 

. 

679 

17 

22 

41 

104 

• 

m, 

123 

19 

• 

26 

63 

66 

• 

122 

17 

24 

43 

~ 

24 

. 

96 

— 

29 

27 

342 

40 

. 

66 

20 

19 

18 

76 

11 

• 

23 

16 

26 

. 

198 

36 

• 

— 

20 

16 

22 

132 

41 

«. 

93 

20 

13 

88 

62 

- 

• 

64 

10 

. 

27 

40 

66 

. 

74 

16 

86 

37 

• 

70 

.* 

168 

. 

16 

20 

26 

26 

• 

827 

29 

22 

27 

66 

10 

74 

21 

27 

. 

24 

- 

. 

" 

— 

19 

16 

" 

14 

\ 

1.  . 

2.  . 

8.  . 

4.  . 

6.  . 

«.  . 

T.  . 

8,  . 

»,  . 

10,  . 

11,  . 

12,  . 
18.   . 

14.  . 

16,  . 

16,  . 

17,  . 

18,  . 

19,  . 

20,  . 

U:: 

23,  . 

24,  . 
26.  . 

26,  . 

27,  . 

28,  . 

29,  . 

30,  . 

31,  . 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  63. 

[P*rt«  per  100,000.] 


Quantity 

of 
ElOaent 

Oallone 

per  Acre 

Dally. 

Tbmpkkatdrb. 
Dko.  F. 

1 

o 
.28 

AXXOVIA. 

1 
.19 

KlTBOQBH 

Oxygen 

Consomed. 

Per  Cent,  of  Die- 
solved  Oxygen. 

1896, 

Il 

< 

1 

i 

• 

1 
1 

1 

Bacterli 
Cable    < 
meter. 

May,         .       . 

4,881,000 

62 

68 

.0009 

.0096 

.028 

.0000 

.26 

74 

53 

Jane, 

2,782,000 

69 

00 

.87 

.0010 

.0097 

.18 

.032 

.0000 

.38 

48 

22 

Jnlj.        .       . 

2,870,000 

76 

78 

.18 

.6021 

.0100 

.29 

.028 

.0015 

.21 

20 

22 

Augaat,    . 

2,804,000 

77 

76 

.19 

.0011 

.0088 

.27 

.081 

.0000 

.24 

19 

11 

September, 

2,868,000 

65 

66 

.21 

.0026 

.0109 

.25 

.084 

.0000 

.27 

52 

47 

Ootober,  . 

2,787,000 

65 

64 

.88 

.0020 

.0154 

.25 

.026 

.0000 

.56 

68 

65 

November, 

2,882,000 

46 

61 

.60 
.30 

.0080 

.0120 

.21 
.28 

.025 

.0000 

.45 

77 

26 

Average, 

8,118,000 

64 

64 

.0018 

.0108 

.028 

.0002 

.84 

51 

85 

Filter  m.  64. 

This  continuous  filter,  20  inches  in  diameter,  was  started  Sept.  2, 
1895,  and  contained  12  inches  in  depth  of  sand  of  an  effective  size  of 
0.16  millimeter.  The  sand  used  in  this  filter  was  also  a  white,  sharp, 
pure  quartz  sand,  from  Berkshire  County.  The  history  of  the  filter 
during  189§  was  published  in  the  annual  report  of  the  Board,  and 
the  points  in  connection  with  the  operAion  of  the  filter  during  1896 
which  are  of  special  importance  are  described  in  the  following  para- 
graphs. 

After  draining,  the  filter  went  out  of  operation  Nov.  24,  1895. 
The  surface  was  spaded  four  inches  deep  on  May  7,  1896,  and 
enough  new  Berkshire  sand  added  to  make  the  bed  of  sand  12  inches 
deep.  City  water  was  applied  on  May  8  and  the  filter  put  into 
operation  at  a  prescribed  rate  of  5,000,000  gallons  per  acre  daily. 
The  depth  of  water  on  the  surface  at  this  time  was  6  inches.  A 
short  trap  attached  to  the  outlet  prevented  air  from  entering  the  filter 
at  the  bottom.  June  1  the  rate  was  reduced  to  3,000,000  gallons 
per  acre  daily.  In  order  to  keep  the  filter  running  at  the  required 
rate,  the  surface  had  to  be  scraped  about  once  in  5  days  from  July 
8  to  July  27. 

On  account  of  low  water  in  the  canal  the  gate  on  the  outlet  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  forty- 
two  hours:  May  16,  22,  23,  30,  June  27,  July  11,  August  9,  11, 
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September  12,  19,  26,  October  17,  November  7.  The  gate  was 
closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  follow- 
ing dates:  May  12,  0.26  of  an  inch  of  sand  was  removed;  May 
15,  0.22  of  an  inch;  May  20,  0.18  of  an  inch ;  May  23,  0.23  of  an 
inch;  May  27,  0.20  of  an  inch;  June  2,  0.24  of  an  inch;  June  8, 
0.23  of  an  inch;  June  15,  0.26  of  an  inch;  June  22,  0.14  of  an 
inch;  June  27,  0.19  of  an  inch;  July  3,  0.20  of  an  inch;  July  9, 
0.27  of  an  inch;  July  16,  0.24  of  an  inch;  July  22,  0.25  of  an 
inch;  July  27,  0.23  of  an  inch;  July  31,  0.23  of  an  inch;  August 
5,  0.20  of  an  inch;  August  13,  0.27  of  an  inch;  August  19,  0.27 
of  an  inch;  August  26,  0.30  of  an  inch;  September  1,  0.21  of  an 
inch ;  September  9,  0.25  of  an  inch ;  September  16,  0.30  of  an  inch ; 
September  24,  0.24  of  an  inch  ;  October  3,  0.24  of  an  inch ;  October 
9,  0.23  of  an  inch;  October  15,  0.24  of  an  inch;  October  21,  0.22 
of  an  inch ;  October  27,  0.23  of  an  inch ;  November  2,  0.23  of  an 
inch.  After  scraping,  the  surface*  was  not  raked,  and  canal  water 
was  applied  at  once,  without  filling  with  city  water  from  below. 

A  bacteriological  analysis  was  made  of  a  sample  of  effluent  on  each 
day  excepting  Sundays.  The  number  of  bacteria  per  cubic  centi- 
meter found  in  these  samples  is  given  in  the  record  of  daily  analyses 
in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No 

64, 1896. 


DAT. 
1 

2 

8 

4, 

6 

«, 

If.        •        •        .        •        • 

8 

» 

10 

11 

12, 


May. 


June. 


Jnly. 


Angvit 


September. 


October. 


NoTember. 


- 

761 

81 

64 

28 

186 

- 

161 

17 

- 

172 

144 

- 

71 

22 

28 

288 

844 

- 

64 

- 

476 

104 

- 

- 

40 

- 

67 

240 

626 

- 

84 

17 

86 

- 

214 

- 

- 

46 

28 

- 

271 

4,160 

42 

26 

28 

698 

127 

1,000 

40 

122 

- 

1,118 

286 

- 

41 

66 

402 

164 

162 

1,100 

M 

60 

71 

67 

- 

1,108 

80 

- 

66 

88 

40 

068 
1,607 
1,066 
1,200 

006 
1,600 

8,828 
1,682 
2,840 
8,600 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

64,  i^P^  — Concluded. 


DAT. 


May. 


Jane. 


July. 


AogQit  !  September. 


October. 


November. 


18 

14 

16 

W, 

17 

18 

19 

20. 

21. 

22, 

28 

24 

26 

26 

27 

28 

2» 

30, 

wlf     •  •  •  •  • 


006 

276 

289 

79 

978 
216 
288 
647 
127 
66 

818 
86 
282 
067 
780 
219 


20 

32 
23 
2.108 
18 
28 
16 

86 
27 
20 
19 
26 
16 

101 
28 


308 
87 

160 
89 
47 
76 

46 
63 
63 
12 
24 

71 

16 

68 

40 

118 


467 
86 
78 

19 
81 
23 
32 
62 
17 

21 
24 
79 

120 
86 

161 

18 


96 
672 
829 
382 
274 
166 

1.767 
248 
204 
167 
164 
71 

199 

69 

109 


73 
74 

143 
88 

104 

122 

76 

174 

106 

81 

86 

102 

148 

136 

82 

46 


4.000 
4.100 


Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  64. 

[ParU  per  100.000.] 


Quantity 

of 
Rfnaent 

Gallons 

per  Acre 

Daily. 

Tempbratubs. 
Dko.  F. 

i 

.29 

Ammokia. 

• 

1 

.19 

NiTBOOEN 
▲8 

Oxygen 

Consnmed. 

1^ 

Bacteria  per 
Coble    CenU- 
meter. 

1896. 

Applied. 
Water. 

• 

a 

« 
a 

1 

Albu- 
minoid. 

• 

1 

2 

s 

May. . 

4,642.000 

62 

63 

.0018 

.0115 

.028 

.0000 

.27 

71 

131 

June. 

2.711,000 

69 

69 

.37 

.0023 

.0125 

.18 

.033 

.0000 

.88 

49 

29 

July. 

2,836,000 

76 

74 

.18 

.0014 

.0096 

.28 

1 

.034 

.0001 

.22 

26 

21 

Angnat.    . 

2,809,000 

77 

76    ! 

1 

.20 

.0017 

.0084 

.28 

.038 

.0004 

.26 

39 

16 

September, 

2,764,000 

66 

66 

.22! 

1 

.0021 

.0108 

.25 

.036 

.0000  ' 

.25 

55 

186 

October,   • 

2,821,000 

66 

66 

.43 

.0023 

.0160 

.26 

.024 

.0000 

.68 

69 

113 

November, 

2,818,000 

46 

60 

.62 
.32 

.0068 

.0174 

.21 
.28 

.021 

.0000 

.53 

87 

906 

Average, 

3,042,000 

64 

66 

.0026 

.0122 

.029 

.0001 

.86 

56 

193 

i 
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Water  Applied  to  Filter's  Noa.  68  and  69. 

The  water  applied  to  filters  Nos.  68  and  69  was  polluted  in  a 
much  greater  degree  than  the  Merrimack  River  water  applied  to  the 
other  experimental  filters,  as  described  in  the  following  paragraph. 

From  May  18  to  August  20  a  small  stream  of  sewage  and  a  stream 
of  Merrimack  River  water  were  allowed  to  flow  simultaneously  into 
the  top  of  a  tank  from  the  bottom  of  which  the  water  applied  to 
filters  Nos.  68  and  69  was  being  drawn.  After  August  21,  how- 
ever, the  mixed  sewage  and  canal  water  was  allowed  to  stand  for 
several  hours  before  being  turned  upon  the  filters.  From  June  17 
to  24  no  sewage  was  mixed  with  the  canal  water. 

The  character  of  the  water  applied  to  filters  Nos.  68  and  69  is 
shown  in  the  table  of  chemical  analyses  on  page  559. 

Bacteriological  analyses  have  been  made  on  each  day,  excepting 
Sundays,  of  at  least  three  and  sometimes  four  samples  of  the  water 
collected  at  different  hours.  The  average  number  of  bacteria  per 
cubic  centimeter  found  in  these  samples  is  given  in  the  record  of 
daily  analyses  in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  CerUimeter  in  Water  applied  to 

FiUers  Nos.  68  and  69, 1896. 


DAT. 


May. 


Jon*. 


July. 


August. 


September. 


October. 


November. 


December. 


1, 
2, 
8. 
4. 
6. 
6. 
7. 
8, 
». 

10, 

11. 

12. 

18* 

U. 

16. 

16. 


763,000 
83,000 
155,000 
654,000 
117,000 
115,000 

161,000 
119,000 
262,000 
198.000 
664,000 
108,000 

06,000 
85,000 


799,000 

1,778,000 

161,000 


2,700 

28,000 

48,000 

662,000 

1,237,000 

86,000 

17,000 

9,000 

408,000 

108,000 


2,200 

8,800 

2,200 

18,000 

16,000 

27,000 

1.378,000 

41,000 
52,000 
6,000 
460,000 
16,000 
15,000 


128,000 

102,000 

- 

236,000 

148,000 

274,000 

888,000 

05,000 

240,000 

626,000 

- 

193,000 

196,000 

102,000 

271,000 

- 

86,000 

157,000 

- 

86,000 

234,000 

170.000 

63,000 

- 

286,000 

126,000 

156.000 

899,000 

128,000 

145,000 

267,000 

- 

182,000 

151,000 

140,000 

145,000 

- 

184,000 

181,000 

49,000 

182,000 

61,000 

118,000 

122,000 

109,000 

06,000 

127,000 

146,000 
188,000 
173,000 
106,000 
75,000 

168,000 
134,000 
162,000 
147,000 
171,000 
112,000 

158,000 
147,000 
164,000 
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Average  Daily  Number  of  Bacteria  per  Cubic  Ceniimeter  in  Water  applied  to 

Fillers  Nos.  68  and  ffp,  I5Ptf— Concluded. 


DAT. 

May. 

Jane. 

July. 

Aagust. 

September. 

October. 

November. 

December. 

17,        ...       . 

- 

113,000 

15,000 

9,500 

220,000 

110,000 

176,000 

184,000 

18,       . 

• 

. 

- 

19,000 

88,000 

65,000 

174,000 

- 

111,000 

116,000 

19,        . 

« 

. 

- 

19,000 

- 

15,000 

96,000 

148,000 

141,000 

183,000 

20,        . 

•       1 

* 

- 

11,000 

4,800 

67,000 

- 

180,000 

144,000 

- 

21. 

>       1 

• 

- 

- 

80,000 

19,000 

88,000 

216,000 

118,000 

160,000 

aa. 

1       < 

1       • 

- 

12,000 

295,000 

640,000 

176,000 

222,000 

- 

155,000 

23, 

1       1 

>       • 

- 

11,000 

16,000 

- 

183,000 

250,000 

167,000 

162,000 

24. 

• 

1       • 

- 

28,000 

2n,ooo 

778,000 

144,000 

224,000 

i;6,ooo 

151,  000 

26, 

» 

»       • 

- 

22,000 

5,000 

868,000 

91,000 

-■ 

218,000 

- 

26, 

• 

.       • 

- 

84,000 

- 

838,000 

56,000 

126,000 

- 

131,000 

27, 

. 

•       • 

- 

7,500 

14,000 

284,000 

- 

146,000 

122,000 

- 

28, 

• 

*       • 

211,000 

- 

32,000 

883,000 

72,000 

190,000 

205,000 

166,000 

29, 

. 

.       • 

820,000 

66,000 

5,600 

501,000 

111,000 

119,000 

- 

120,000 

80, 

. 

.       • 

83,000 

88,000 

5,695,000 

- 

102,000 

811,000 

126,000 

185,000 

SI. 

• 

.        • 

- 

- 

1,500 

297,000 

- 

219,000 

- 

155,000 

Average  of  Chemical  Analyses  of  Water  applied  to  Filters  Nos.  68  and  69* 


Tempera- 
ture. 

Deg.  F. 

• 

a 

Ammo  VIA. 

1 

• 

« 
c 

1 

a 

.70  1 
.28 
.71  1 

■»: 

.69 
.66  1 

.64  < 

.64 

NITROOBM  A8 

Oxygen 

Consomed. 

u 

2 

1 

1 

ALBUMINOID.    | 

• 

s 

1 

2 

• 

J 

s 

o 

1896. 

• 

1 
.     1 

a 

1 

^1 

«  a 

IS 

Jane, 

Jaly 

Auguet,       .... 

September, 

October,      .... 

November,  .... 

December,  .... 

66 
75 
76 
63 
65 
55 
43 

.50 
.34 
.39 
.45 
.58 
.54 
.51 

.47 

.1653 
.0118 
.2301 
.2215 
.2000 
.2700 
.2720 

.0243 
.0189 
.0442 
.0505 
.0540 
.0600 
.0504 

]' 

1 
1 

.0405 
.0400 
.0420 
.0444  1 

.014 
.029 
.020 
.043 
.020 
.023 
.026 

.0001 

1 

.0001 

.0001 

.0020 

.0030  1 

.0016 

.0082 

.42 
.25 
.37 
.44 
.65 
.68 
.51 

68,000 
8,000 
515,000 
292,000 
133,000 
137,000 
155,000 

AverAge,  •       •       .       . 

62 

.1958 

.0432 

.0417 

.026 

.0014  ! 

.46 

186,000 
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Filter  No.  68. 

This  continaous  filter,  20  inches  in  diameter,  was  started  on  May 
18,  1896,  and  contained  5  feet  in  depth  of  sand  of  an  eflTective  size 
of  0.23  millimeter.  The  points  in  connection  with  the  construction 
and  operation  of  this  filter  which  are  of  special  importance  are 
described  in  the  following  paragraphs. 

The  underdrains  in  this  filter  are  6  inches  deep,  and  are  constructed 
as  usual.  Above  these  underdrains  5  feet  of  sand,  obtained  in  the 
neighborhood  of  Lawrence,  were  put  into  the  filter  dry.  A  short 
trap  attached  to  the  outlet  prevented  air  from  entering  the  filter  at 
the  bottom.  City  water  was  applied  slowly  from  below  on  May  18 
and  as  soon  as  the  water  covered  the  surface  the  gate  on  the  outlet 
was  closed  and  the  filter  allowed  to  stand  inoperative  for  eighteen 
hours.  The  filter  was  put  into  operation  on  May  19,  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily,  and  the  character  of  the 
water  applied  is  shown  in  the  table  of  chemical  analyses.  The  rate 
of  filtration  was  reduced  on  May  25  to  2,500,000,  and  on  August  2 
to  1,000,000,  gallons  per  acre  daily. 

On  account  of  low  water  in  the  canal  the  gate  on  the  outlet  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  forty- 
three  hours:  May  23,  30,  June  27,  July  11,  15,  August  9,  11,  Sep- 
tember 12,  19,  26,  October  17,  November  7,  14,  21.  The  gate  was 
closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 
In  order  to  remove  clogging  the  surface  was  scraped  on  the  following 
dates :  June  3,  0.49  of  an  inch  of  sand  was  removed  ;  June  15,  0.45 
of  an  inch  ;  June  26,  0.30  of  an  inch ;  July  9,  0.38  of  an  inch  ;  July 
22,  0.36  of  an  inch;  August  5,  0.29  of  an  inch;  October  12,  0.36 
of  an  inch;  November  2,  0.45  of  an  inch;  November  25,  0.39  of 
an  inch;  December  7,  0.32  of  an  inch;  December  21,  0.34  of  an 
inch.  After  scraping,  the  surface  was  not  raked,  and  the  applied 
water  was  turned  on  at  once,  without  filling  with  city  water  from 
below. 

B.  prodigiosus  mixture  was  applied  to  Filter  No.  68,  in  the  pro- 
portion of  one  part  of  mixture  to  170,000  parts  of  applied  water, 
during  November  and  December. 

Bacteriological  analyses  were  made  on  each  day  excepting  on 
Sunday  of  two  samples  of  efiiuent ;  one  of  these  samples  was  col- 
lected in  the  forenoon  and  the  other  in  the  afternoon.     The  average 
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number  of  bacteria  per  cubic  centimeter  found  in  each  set  of  two 
samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  68, 1896. 


t 

• 

s 

• 

o 

• 

1 

i 

a 

1 

• 

5 

NOVEMBBB. 

Dbobmbeb. 

DAT. 

• 

1 

1 

.s 

• 

1 

Is 

.8 

1 

- 

807.000 

256,000 

1,200 

1,960 

4.300 

1 

- 

8.800 

0 

2 

- 

804,000 

498.000 

- 

600 

6.600 

>  20.000 

0 

4,000 

0 

Si •        •  .     •        •        • 

- 

844,000 

400.000 

460 

1,600 

8.200 

9,400 

0 

2,400 

0 

4, 

«• 

611,000 

- 

760 

7,700 

- 

8,100 

0 

2,600 

0 

6 

- 

146,000 

- 

2.800 

8.900 

8,100 

4.800 

0 

1,600 

0 

«. 

- 

- 

12,000 

2,600 

- 

4.900 

6.700 

0 

- 

- 

7 

- 

- 

6,800 

1,800 

- 

2,700 

6,200 

0 

4.800 

0 

Of  •             •             •             •             • 

«• 

189,000 

8,800 

- 

82,000 

2,600 

- 

- 

1,400 

0 

9 

- 

261,000 

86,000 

- 

20.000 

1,800 

6,200 

0 

700 

0 

10 

- 

882,000 

26.000 

1,600 

19,000 

2.100 

7,600 

0 

1.700 

0 

11. 

- 

187,000 

87.000 

1,400 

18,000 

- 

6,000 

60 

8,200 

160 

12, 

- 

192,000 

- 

812 

11,000 

6,600 

6.600 

160 

4,400 

0 

18,.        .        .        .       . 

- 

17,000 

16,000 

2,700 

8,000 

4,800 

0 

- 

- 

14 

- 

- 

2,600 

71,000 

11,000 

8,400 

6,000 

0 

780 

0 

16 

- 

99,000 

16,000 

2,000 

6,600 

6.800 

- 

- 

1,169 

0 

1«. 

- 

10,000 

4,200 

- 

6,900 

4,600 

2,800 

200 

1,084 

0 

IT. 

- 

46,000 

2,800 

88.000 

4,400 

8,100 

6.700 

0 

726 

0 

- 

24,000 

4,600 

17,600 

4,800 

- 

10,600 

0 

1,400 

0 

w 

21,000 

23,000 

- 

2,600 

4.000 

1,700 

8,700 

0 

218 

0 

124,000 

18,000 

1.060 

2,600 

- 

1.600 

4,900 

0 

- 

- 

21 

09,000 

- 

6,600 

17,900 

- 

4,900 

4,700 

0 

1,400 

0 

SSf  ■        •        •       •        • 

68,000 

127,000 

17,000 

208,000 

7,900 

7,700 

- 

- 

900 

0 

28 

208,000 

4,800 

6.800 

- 

4,600 

7,100 

6,700 

60 

400 

0 

- 

4,200 

4,800 

81,000 

6,400 

1,800 

7,100 

160 

1.100 

0 

26. 

470,000 

84,000 

8.600 

84.000 

7,600 

- 

6,000 

0 

- 

- 

829,000 

108,000 

- 

16,000 

6,600 

8,600 

- 

- 

1.600 

0 

27 

224,000 

7,400 

14.000 

14,000 

- 

6,700 

1,600 

60 

- 

- 

186,000 

- 

8,400 

20,000 

8,200 

6,700 

18.000 

60 

4,200 

0 

29.  •       •       •       •       • 

179,000 

7,600 

2,700 

28,000 

4,600 

8,100 

- 

- 

4,600 

0 

- 

8,000 

8,700 

- 

4,100 

- 

7,800 

0 

8,600 

0 

« 

- 

1,600 

1,100 

- 

12,000 

- 

- 

1.200 

0 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  68. 

[P*rU  p«r  100,000.] 


Qaantlty 

of 
Kfflaent 

Tbmpbbatuss. 
Deo.  F. 

Ammonia.  ' 

_           I 

NlTSOOEN 

1 

• 

• 

• 

.    1 

1S96. 

Oalloni 

per  Acre 

Daily. 

ll 

< 

• 

i 

1 

• 
o 

a 

.24 

^1 

1 

.31 

1 

m 

M 
O 

1? 

^  2 

Bacter 
Cubic 
meter. 

May..       .       . 

8.74«,000 

84 

60 

.2800 

.0400 

.088 

.0000 

.28 

1.0 

666,000 

Jona, 

1,707,000 

70 

64 

.84 

.2260 

.0440 

.87 

.101 

.0021 

.84 

0.6 

238.000 

July, 

2,674.000 

77 

76 

.21 

.0470 

.0119 

.81 

.036 

.0041 

.18 

36.6 

2,400 

Anfrnat,    . 

1,M4,000 

77 

76 

.24 

.0200 

.0280 

.72 

.010 

.0018 

.26 

6.7 

10.800 

Beptember, 

1,006,000 

68 

60 

.23 

.1680 

.0286 

.80 

.067 

.0022 

.26 

14.8 

7,400 

October,   . 

1,088.000 

66 

62 

.37 

.1940 

.0286 

.79 

.022 

.0080 

.38 

2.0 

— 

NoYcmtMr, 

1,068,000 

66 

61 

.62 

.2260 

.0200 

.66 

.006 

.0002 

.63 

2.2 

11.600 

December, 

1,041,000 

48 

46 

.46 
.40 

.2140 

.0288 

* 

.60 

.64, 

1 

.018 

.0001 

.42 

6.7 

2,200 

Average, 

1,706,000 

68 

61 

.1666 

.0202 

.043 

.0016 

.82 

8.7 

121,000 

Filter  No.  69. 

This  intermittent  filter,  20  inches  in  diameter,  was  started  on  May 
18,  1896,  and  contained  5  feet  in  depth  of  sand  of  an  effective  size 
of  0.23  millimeter.  The  points  in  connection  with  the  operation  of 
this  filter  which  were  of  special  importance  are  described  in  the  fol- 
lowing paragraphs. 

The  filter  was  a  duplicate  of  Filter  No.  68.  The  sand  was  pat 
into  the  filter  dry,  city  water  was  applied  slowly  from  below  on 
May  18  antil  the  surface  of  the  sand  became  covered,  and  the  gate 
on  the  outlet  was  then  closed  for  sixteen  hours.  On  May  19  Filter 
No.  69  went  into  operation  as  an  intermittent  filter,  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily.  The  period  of  intermittent 
operation  was  arranged  in  such  a  manner  that  the  surface  became 
and  remained  uncovered  for  two  hours  during  the  day.  The  rate 
of  filtration  was  reduced  on  May  25  to  2, .500,000  gallons  per  acre 
daily,  and  on  August  20  to  1,000,000  gallons.  A  short  trap  attached 
to  the  outlet  prevented  air  from  entering  the  filter  at  the  bottom. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  forty-two 
hours :  May  23,  30,  June  27,  July  11,  August  9,  10,  11,  September 
12,  19,  26,  October  17,  November  7,  14,  21.  The  gate  was  closed 
for  a  longer  period  of  sixty-three  hours  on  September  5,  6,  7.  Dur- 
ing all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  fol- 
lowing dates :  May  27,  0.29  of  an  inch  of  sand  was  removed ;  June 
4,  0.48  of  an  inch;  June  8,  0.26  of  an  inch;  June  11,  0.30  of  an 
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inch  ;  Jane  15,  0.29  of  an  inch ;  June  18,  0.29  of  an  inch  ;  June  26, 
0.25  of  an  inch  ;  July  2,  0.26  of  an  inch ;  July  9,  0.31  of  an  inch ; 
July  21,  0.28  of  an  inch;  July  28,  0.24  of  an  inch;  August  15, 
0.31  of  an  inch ;  August  31,  0.27  of  an  inch  ;  September  4,  0.22  of 
an  inch ;  October  15,  0  35  of  an  inch ;  October  27,  0,44  of  an  inch ; 
November  18,  0.30  of  an  inch;  November  27,  0.34  of  an  inch; 
December  5,  0.39  of  an  inch;  December  11,  0.25  of  an  inch;  De- 
cember 17,  0.32  of  an  inch;  December  28,  0.?3  of  an  inch.  On 
September  4  the  surface  was  spaded  to  a  depth  of  2  inches  after 
scraping ;  but  on  other  occasions  the  applied  water  was  turned  on  at 
once,  without  raking  the  surface  or  filling  from  below  with  city  water. 

B.  prodigiosus  mixture  was  applied  to  this  filter,  during  Novem- 
ber and  December,  in  the  proportion  of  one  part  of  mixture  to 
170,000  parts  of  applied  water. 

Bacteriological  analyses  were  made  on  each  day  excepting  on 
Sunday  of  two  samples  of  efiluent ;  one  of  these  samples  was  col- 
lected in  the  forenoon  and  the  other  in  the  afternoon.  The  average 
number  of  bacteria  per  cubic  centimeter  found  in  each  set  of  two 
samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No, 

69, 1896. 


1 

i 

a 

< 

a 

• 

1 
1 

NOVKMBKS. 

Dkoembkb. 

DAT. 

5 

i 

h 

O 

1 

3 
.S 

!•     . 

- 

10»000 

1,700 

1,000 

6,100 

400 

- 

- 

179 

1 

2. 

- 

14,000 

160,000 

- 

700 

200 

846 

0 

168 

2 

8, 

- 

12.000 

460,000 

800 

600 

100 

926 

0 

48 

2 

4. 

- 

S23,000 

- 

8,600 

2,100 

- 

181 

0 

91 

0 

6.     . 

- 

M,000 

- 

860 

1,600 

6,200 

1.778 

0 

91 

0 

«.     . 

- 

- 

860 

1,100 

- 

2,700 

6.942 

0 

- 

- 

T. 

- 

- 

1,000 

760 

- 

800 

488 

0 

886 

0 

«•     . 

• 

- 

82,000 

1,100 

400 

18,600 

2,100 

- 

- 

266 

3 

».     . 

- 

151,000 

49,000 

- 

11,200 

800 

2.400 

2 

77 

0 

10.    . 

- 

8.600 

22,000 

299 

4,800 

600 

4.700 

12 

68 

0 

M.     . 

- 

27,000 

6,000 

6.600 

2,800 

620 

1 

189 

0 

la.    . 

- 

119,000 

- 

4,800 

1,900 

800 

600 

0 

49 

0 

18.     . 

- 

08,000 

6,100 

2,400 

- 

800 

260 

0 

- 

- 
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Average  Daily  Number  of  Bacteria  per  Oubic  Centimeter  in  Effluent  of  Filler  No. 

69, 1896  —  Concluded 


• 

1 

• 

S 

a 

• 

a 

•-9 

« 
a 

< 

1 

NOVBMBBR. 

Dkcbmbks. 

DAT. 

4 

1 

.5 

1 

1^ 

1 
.8 

C9 

1*1      •          •          •          •          • 

- 

- 

860 

8,000 

1,900 

200 

200 

0 

716 

0 

16,     . 

171.000 

4,700 

600 

2,700 

800 

- 

- 

40 

0 

16,     . 

- 

48,000 

060 

- 

600 

1,600 

400 

0 

71 

0 

IT,     . 

- 

3,400 

6,600 

900 

600 

200 

460 

0 

120 

0 

18,     . 

- 

6,700 

1,600 

280 

1,100 

- 

200 

0' 

678 

0 

1».     . 

J     . 

0.000 

3,700 

- 

2.700 

400 

460 

1,000 

0 

101 

0 

20.     . 

131,000 

2,000 

260 

1,600 

- 

360 

891 

6 

- 

- 

21.     . 

114,000 

- 

1,600 

1,200 

800 

170 

265 

1 

246 

0 

22.     , 

119,000 

900 

62,000 

800 

2,100 

890 

- 

- 

182 

0    . 

28.     , 

130,000 

418 

4,800 

- 

1,400 

130 

- 

- 

99 

0 

24.     . 

- 

681 

3,200 

6,200 

1,100 

170 

378 

0 

99 

0 

26, 

118,000 

1,600 

1,700 

1,700 

8,600 

- 

1,400 

7 

- 

- 

2«,     . 

66.000 

2,400 

- 

1,600 

400 

228 

- 

- 

44 

0 

27. 

7,600 

1,600 

1,100 

1,800 

- 

198 

1,626 

2 

- 

- 

28. 

18,000 

- 

2,600 

1,700 

2,600 

468 

416 

2 

70 

0 

29. 

30,000 

2,400 

950 

800 

2,400 

610 

- 

- 

866 

0 

80. 

- 

7,900 

8,700 

- 

800 

226 

76 

0 

167 

0 

81, 

- 

- 

600 

8,600 

- 

170 

- 

100 

0 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No,  69. 

[PftrU  per  100,000.] 


18»6. 


Quantity 

of 
Efllaent. 

Gallons 

per  Acre 

DaUy. 


ICay, . 
Jane, 
July, 

Angoat,  • 
September, 
October,  . 
Kovember, 
December, 

ATerage, 


8,778,000 
2,276,000 
2,828,000 
1.966,000 
1,124.000 
997,000 
1.076,000 
1,122,000 

1,881,000 


Temprraturs 
Dbo  F. 

Applied 
Water. 

a 
o 

a 

64 

69 

70 

63 

n 

76 

77 

76 

66 

61 

66 

66 

66 

61 

48 

47 

68 

61 

a 


.28 
.86 
.17 
.14 
.19 
.26 
.84 
.88 

.26 


Ammonia. 


I 

a- 


i 


.40C0 
.2027 
.0022 
.0467 
.0867 
.0066 
.0004 
.0046 

.0886 


.0860 
.0320 
.0099 
.0141 
.0188 
.0121 
.0119 
.0117 

.0188 


.2 

6 


.86 
.77 
.81 
.77 
.81 
.86 
.66 
.68 

.64 


NintooBir 

A8 


I 

2S 


I 

5 


.096 
.116 
.081 
.183 
.121 
.161 
.262 
.908 

.147 


.0006 
.0049 
.0000 
.0076 
.0009 
.0000 
.0000 
.0001 

.0018 


i 


M 

o 


-I 

2* 


3 

o  a 


.17 

26 

.82 

21 

.19 

44 

.19 

44 

.28 

26 

.28 

62 

.82 

68 

.88 

60 

.26 

48 

116,000 

19,900 

460 

2,060 

1.800 

1,800 

8.800 

22T 

18.170 
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Water  Applied  to  Filter  No.  79. 

The  effluent  from  filters  Nos.  68  and  69  was  applied  to  Filter  No. 
79,  and  a  bacteriological  analysis  was  made  on  each  day,  excepting 
Sundays,  of  a  sample  of  the  water.  The  number  of  bacteria  per 
cubic  centimeter  found  in  these  samples  is  given  in  the  following 
table :  — 


Averiigc  Daily  Number  of  Bacteria  per  Cubic  CetUimeter  in  the  Water  Applied  to 

FiUer  No.  79, 1896. 


DAT. 


September. 


October. 


November. 


December. 


1. 
2. 
8, 
4. 

•» 

10. 

11. 
12. 
18, 
14. 
1ft. 
1«, 
17. 

1«. 
M. 
20, 

21. 
22, 
28, 

2*. 
26. 

20, 
27. 
28. 
29, 

80. 

81. 


7.000 
7,800 
7.800 

21,000 
9.000 
8.400 


4.800 
16.000 
14.000 

18.000 

20,000 

8.000 

12.000 

4,800 

7.200 

6,100 
6.800 
28,800 
8,000 
4,400 
6,800 

8,900 
6,800 
6,200 
11.800 
12,000 
9,900 

7,800 
7,100 
6,100 
6,400 
6,400 


27,000 
86,000 
12,000 
12.000 
16,000 
20,000 

78,000 
16,000 
14,000 
16,000 
10,000 
9,000 

89,000 
81,000 
62,000 
67,000 
18,000 


8,200 

18,000 
17,000 

6,200 


8,400 
4.800 
4,900 
0,800 
2,800 


1,600 
8.600 
2,800 
7,700 
9,600 

1,900 

1,000 
1,900 
1,700 
1.700 


6,800 
2,400 
2,800 

8,600 

2,100 
1.600 
1.800 
1,100 
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Filter  No.  79. 

This  continuous  filter  was  started  on  Sept.  18, 1896,  and  contained 
5  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter.  The 
sand  was  put  into  the  filter  dry  and  city  water  applied  below  until 
the  surface  of  the  sand  became  covered  with  water.  The  gate  on  the 
outlet  was  then  closed  and  the  filter  allowed  to  stand  for  twenty-four 
hours.  On  September  18  the  filter  went  into  operation  at  a  pre- 
scribed rate  of  3,300,000  gallons  per  acre  daily.  The  water  applied 
to  this  filter  was  a  mixture  of  the  efiluents  from  filters  Nos.  68  and 
69.  On  November  23  18  inches  of  sand  were  removed  from  the  top 
of  Filter  No.  79,  and  two  sets  of  cleats  were  nailed  to  the  inner  sides 
of  the  walls.  One  set  of  cleats  was  fastened  to  the  walls  18  inches 
below  the  level  of  the  original  surface  of  the  sand,  and  the  other  set 
12  inches  below.  The  cleats  were  made  with  bevelled  edges,  which 
sloped  towards  the  walls  and  projected  one-quarter  of  an  inch  from 
the  wood  to  which  they  were  fastened,  and  by  this  arrangement 
formed  pockets  into  which  the  sand  settled  and  made  a  close  joint 
between  the  walls  of  the  filter  and  the  bed  of  sand.  As  soon  as  the 
cleats  had  been  put  into  position  the  sand  which  had  been  taken  out 
was  replaced.  On  November  24  city  water  was  applied  from  below 
until  the  surface  became  covered  with  water.  The  gate  on  the  out- 
let was  then  closed  and  the  filter  allowed  to  stand  for  twenty-four 
hours.  When  the  filter  went  into  operation  again,  on  November 
25,  canal  water  instead  of  the  effluents  from  filters  Nos.  68  and  69 
was  applied.  After  filtering  canal  water  for  two  weeks,  the  efflu- 
ents from  filters  Nos.  68  and  69  were  turned  on  again  on  December 
7.  The  rate  of  filtration  was  increased  to  4,700,000  gallons  per  acre 
daily  on  December  14. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
for  periods  varying  from  thirty-nine  to  forty-three  hours  on  the  fol- 
lowing dates:  September  19,  26,  October  17,  November  7,  14. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 
In  order  to  remove  clogging  the  surface  was  scraped  on  the  follow- 
ing dates:  December  21,  0.37  of  an  inch  of  sand  was  removed; 
December  27,  0.36  of  an  inch  was  removed.  After  scraping,  the 
applied  water  was  turned  on  at  once. 

B.  prodigiosus  mixture  was  applied  to  this  filter  from  October  25 
to  November  30,  in  the  proportion  of  one  part  to  170,000  parts  of 
applied  water. 
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A  bacteriological  analysis  was  made  on  each  day  excepting  on 
Snnday  of  a  sample  of  the  effluent  from  Filter  No.  79.  The  average 
number  of  bacteria  per  cubic  centimeter  found  in  each  of  these 
analyses  is  given  in  the  following  table:  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No, 

79, 1896. 


i 

OOTOBBB. 

NOYSMBEB. 

DAT. 

i 

1 

5 

\ 

1 

• 

s 

dS 

Is 

it 

li 

I 

Of 

ISM 

s 

8 

V 

£ 

^ 

n 

^ 

M 

Q 

1 

^ 

86.000 

^ 

^ 

^^ 

600 

% 

- 

26.000 

- 

12.000 

0 

200 

8, 

* 

74.000 

- 

9,000 

0 

100 

4. 

-> 

- 

— 

7.200 

0 

600 

6. 

-> 

22.000 

- 

6.100 

0 

800 

S» 

- 

41.000 

- 

8.400 

0 

- 

J: 

~ 

17.000 

^ 

12,000 

0 

1.100 
700 

», 

- 

12.000 

- 

16,000 

0 

900 

10,      . 

- 

8.400 

- 

6.800 

0 

1.200 

11. 

-> 

■. 

- 

6,900 

0 

700 

12.       . 

- 

14,000 

- 

9.600 

0 

187 

18.       . 

- 

8,000 

— 

6,800 

400 

— 

M.      . 

- 

26,000 

— 

2.800 

0 

712 

16.      . 

- 

12,000 

• 

- 

- 

840 

1«.      . 

• 

13,000 

• 

7,800 

0 

844 

17.      , 

— 

6.700 

• 

4.900 

0 

271 

18.      . 

- 

~ 

- 

2.700 

0 

816 

w,    . 

- 

19.000 

- 

8.400 

0 

214 

20,      . 

- 

6.700 

* 

1.700 

0 

- 

21.      . 

<m 

8.800 

• 

» 

• 

626 

22.      . 

• 

6.700 

<m 

.• 

. 

600 

28.       . 

. 

8,800 

. 

• 

. 

400 

24.       . 

• 

6.900 

• 

• 

. 

200 

26.       , 

28.000 

- 

- 

9.100 

0 

- 

2«.       . 

89.000 

4,000 

100 

9.000 

400 

184 

27.       . 

- 

4.900 

0 

4.000 

100 

.« 

28.       . 

88.000 

6.800 

0 

4,000 

100 

894 

29,       . 

28,000 

4,400 

0 

- 

• 

844 

ao.     , 

80,000 

9,000 

0 

6.000 

100 

660 

81 

^ 

^ 

" 

~ 

~ 

226 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  79» 

[ParU  per  100.000.] 


Qfumtlty 

of 
Efflaent 

Tbmpbbatubb. 
Dbo.  F. 

! 

AmroviA. 

NrrBOOBX 

▲8 

• 

■i 
i 

• 

^nt  ofDls- 
red  Oxygen. 

la  per 

CenU- 

. 

1896. 

Oalloni 

led 
ater 

a 

4> 

4* 

*  a 

1 

• 

• 

s 

|l 

per  Acre 
Dally. 

< 

O 

o 
"3 
O 

.16 

1 

la 

< 

6 

.66 

s 

5 

1 

P 

September. 

1.063,000 

61 

63 

.0600 

.0180 

.093 

.0080 

.86 

98 

74,000 

October.  . 

929.000 

64 

62 

.24 

'.0228 

.0160 

.76 

.181 

.0016 

.81 

42 

18.700 

November. 

846.000 

61 

61 

.47 

1.0167 

.0161 

.67 

.187 

.0007 

.42 

62 

7.600 

December. 

1.216,000 

47 

46 

.86 
.81 

.0064 

.0181 

.64 
.66 

.186 

.0006 

.88 

61 

866 

ATerage, 

1,011.000 

1      ^ 

61 

.0287 

1 

.0163 

.137 

.0027 

.87 

69 

26.164 
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Lawrence  City  Filteb. 

The  filter  of  the  water  supply  system  of  the  city  of  Lawrence  is 
2.5  acres  in  area,  was  first  put  into  operation  Sept.  20,  1893,  and  its 
construction  and  action  were  described  in  the  report  of  the  State 
Board  of  Health  for  that  year.  From  the  date  of  starting  this  filter 
up  to  the  present  time  it  has  been  in  continuous  use,  and  not  once 
has  the  unfiltered  river  water  entered  the  reservoir  or  the  service 
pipes  of  the  city  water  supply.  The  filter  is  still  uncovered,  and 
hence  unprotected  from  the  severe  cold  of  the  winters  of  the  climate 
of  Lawrence.  As  a  result  of  this,  a  thick  coating  of  ice  forms  upon 
the  filter  and  has  to  be  removed  to  enable  the  surface  to  be  scraped. 
The  surface  is  very  much  disturbed  by  the  removal  of  the  ice,  and 
the  bacterial  efficiency  of  the  filter  is  not,  at  times,  as  good  as  it 
otherwise  would  be. 

The  efifect  of  this  filter  upon  the  health  of  the  people  of  Lawrence 
is  well  shown  by  the  following  table,  giving  the  deaths  from  typhoid 
fever  in  the  city  during  the  period  1885  to  1896  inclusive.  Many 
of  the  deaths  are  of  operatives  in  the  mills  which  are  piped  with  the 
unfiltered  river  water. 

Deaths  from  Typhoid  Fever  in  Lawrence,  1886-96* 


Tbab*. 


ToUl 

Number  of 

Deaths. 


1885, 
1888, 
1887, 
1888, 
1880, 
1890, 
1801, 
1802, 
1808, 
1804, 
1806, 
1806, 


17 
23 
47 
48 
65 
80 
55 
60 
89 
24 
16 
10 


Deaths 

per  10,000  of 

Population. 


4.20 

5.76 

11.76 

12.00 

18.76 

18.88 

12.20 

11.11 

8.66 

6.00. 

8.07 

1.86 


Pbeoovs  who  mat  havb  bbbv 
bxp08bd  to  ikpbctiom  — 


By  Drinking 
Canal  Water. 


While  UTinc 

ODtofTown 

Jntt  before  fiUl> 

Ing  Sick 
In  Lawrence. 


12 
0 
2 


4 
2 
4 
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The  daily  bacterial  determinations  made  during  the  winter  of 
1895-96  were  given  in  the  last  report.  During  the  summer  of  1896 
bacterial  determinations  were  made  once  each  week,  and  from  Dec. 
1,  1896,  to  April  30,  1897,  daily,  except  Sundays  and  on  a  few  other 
occasions.     All  the  determinations  made  are  given  in  the  tables. 

The  bacteria  found  in  the  filtered  water  at  the  different  points 
occasionally  numbered  more  than  100  per  cubic  centimeter.  These 
high  numbers  were  partly  due  to  the  following  causes :  — 

From  May  14  to  June  1  a  species  of  bacillus  which  was  common 
in  the  air  appeared  in  the  water  at  the  outlet  of  the  reservoir  in  con- 
siderable numbers.     The  bacillus  was  found  in  the  tap  water  at  the 
city  hall  after  May  20,  and  in  the  tap  water  at  the  experiment  sta- 
tion after  May  24.     During  the  last  week  in  May   the   filter  was 
scraped,  spaded  10  inches  deep  and  restored  to  its  original  level 
with  washed  sand.     During  the  week  which  preceded  July  20  re- 
pairs were  made  in  the  force  main  leading  from  the  pumping  station 
to  the  reservoir.     During  this  period  the  sediment  which  had  col- 
lected within  the  main  at  certain  places  was  scraped  off  and  passed 
into  the  reservoir.     From  August  10  to  22  engineers  made  a  series 
of  tests  on  the  pumps  at  the  station  and  on  the  water  main.     The 
force  main  leading  from  the  pumps  to  the  reservoir  was  tapped  at 
several  places  and  gauges  were  attached.     The  water  was  drawn  out 
of  the  main  and  its  interior  partially  scraped,  and  finally  a  weir  was 
constructed  about  the  overflow  of  the  force  main  in  the  reservoir,  to 
measure  the  volume  of  water  pumped.     About  September  1  the  floor 
in  the  station  at  one  side  of  the  pump  well  was  torn  up,  in  order  to 
build  the  foundation  for  a  new  pump,  and  a  pipe  was  laid  from  the 
pump  into  the  well.     While  these  changes  were  being  made,  foreign 
matter  of  various  kinds  was  washed  into  the  filtered  water  in  the 
pump  well  and  pumped  up  into  the  reservoir.     This  work  of  con- 
struction lasted  until  November  30. 

The  high  number  of  bacteria  in  the  tap  water  at  the  experiment 
station  on  October  30  was  due  to  dirt  which  washed  into  the  pipe 
during  repairs  in  the  water  main. 
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Number  of  Bacteria  per  Cubic  Centimeter  in  the  Lawrence  City  Water  before  and 

after  Filtration. 


May    4, 

11. 

18. 

26. 

Jane    1, 

8, 

16. 

22. 

28. 
July    6, 

13. 

20, 

28, 
Aag.   8, 

10, 

17. 

24. 

81, 
Sept.  6, 

14, 
22, 
28, 

Oct.  6, 
18. 
18. 
28. 

Nov.    2, 

8. 
16. 
25, 
80, 


Datb»1S»6. 


In  the 

Merrimack 

Blver  Water. 


Averagea, 


1,800 

1,660 

2,000 

11,000 

9,100 

10,700 

12,800 

12,000 

8,000 

8,400 

6,200 

2.000 

2,200 

2,200 

8,800 

2,600 

6,800 

8,400 

13.700 

24.000 

0.200 

18.000 

9.700 

13,000 

13,000 

6.800 

9.100 

6.600 

6.600 

4.800 

6.100 

6,000 

7,528 


Ik  Filtbkbd  Watss  fbok 


City  Filter. 


Resenrotr 
OutleL 


22 
29 
17 
142 
166 
96 
28 
18 
81 
70 
84 
12 
22 
20 
784 
876 
81 
88 
82 
80 
50 
82 
80 
81 
16 
80 
44 
42 
63 
45 
58 
25 

78 


28 

7 

201 

00 

290 

168 

35 

41 

87 

84 

11 

844 

98 

66 

836 

180 

189 

206 

222 

238 

104 

75 

53 

167 

78 

64 

48 

72 

147 

57 

60 

21 

119 


Tapat 
CItyHalL 


12 
7 

58 

65 

197 

111 

19 

16 

62 

87 

198 

146 

62 

83 

157 

91 

115 

187 

122 

107 

107 

63 

118 

85 

85 

40 

45 

55 

52 

27 

80 

30 

78 


Tapat 

the  Ezperi- 

mfnt 

SUtlOQ. 


10 
16 
65 
48 

103 
60 
15 
17 
48 
65 
71 

118 
81 
55 
99 
82 
72 
66 
08 
60 
62 
42 
40 
55 
48 
40 

150 
81 
88 


60 


55 
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Daay  Bacterial  BesuUs,  Lawretux  OUy  Wattr. 

[BaotorU  per  Cable  OaDtlm«t*r.] 


InRtrer 
Water. 

IV  FXLTBBBD  WATBB  »0X 

Condition 

of 

BorfiMe 

when 

Pomps  were 

Stopped. 

of 

DAn-18«6. 

Otty 
FUter. 

Beservolr 
Ontlet. 

Tap  At 
CltyHAll. 

Tap  &t 

Experiment 

Station. 

Head. 
Feet. 

I>«oemberl>  . 

4,700 

109 

19 

88 

48 

Oovered. 

4.8 

2,  .       . 

6,100 

42 

48 

80 

88 

Oovered. 

4.7 

8,   .       , 

0,200 

26 

80 

88 

60 

Drained. 

6.6 

4,   .       . 

8,800 

81 

26 

6 

64 

Oovered. 

6.7 

6,   .       , 

7,900 

41 

41 

89 

29 

Oovered. 

6.7 

«.   . 

* 

- 

- 

- 

- 

- 

- 

- 

7.    .       . 

7,000 

88 

26 

24 

40 

Oovered. 

6.6 

8,    . 

8,700 

49 

- 

40 

19 

Covered. 

6.4 

«.    . 

7,700 

84 

- 

28 

17 

Oovered. 

6.1 

10,   . 

12,000 

48 

86 

26 

Drained. 

6.2 

11.    . 

- 

- 

- 

- 

62 

Ooverad. 

6.0 

18,    . 

2,200 

87 

- 

26 

22 

Ooverad. 

6.8 

18,    .       . 

- 

- 

- 

- 

- 

- 

- 

14.    .       . 

- 

- 

- 

- 

16 

OoTered. 

6.8 

16,    .       . 

1,000 

41 

41 

18 

81 

Oovered. 

6.2 

18,    . 

14,000 

80 

- 

48 

16 

Oovered. 

6.8 

17,    . 

6,800 

190 

- 

81 

84 

Oovered. 

6.0 

18,    . 

0,000 

48 

- 

41 

17 

Drained. 

6.1 

»,    . 

16,000 

106 

- 

80 

27 

Oovered. 

7.1 

«>.    . 

- 

- 

- 

- 

- 

- 

- 

21,    . 

16,000 

88 

- 

64 

71 

Oovered. 

6.7 

22,    .       , 

11,000 

74 

- 

88 

66 

Oovered. 

6.0 

28,   . 

14,000 

66 

- 

146 

49 

Oovered. 

6.9 

84,    . 

14,000 

128 

- 

68 

26 

Ooverad. 

6.7 

26.    . 

- 

- 

- 

- 

- 

Oovered. 

6.6 

28.    . 

18,000 

21 

- 

66 

26 

Oovered. 

6.8 

2T,    .       , 

- 

- 

- 

- 

« 

- 

- 

28,    .       . 

18,000 

122 

286 

216 

86 

Oovered. 

6.4 

29,   .       , 

19,000 

62 

- 

104 

90 

Oovered. 

6.1 

80,    .       , 

8,800 

90 

- 

74 

90 

Oovered. 

6.4 

81,    .       . 

0,700 

71 

- 

144 

87 

Drained. 

6.6 
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Daily  Bacterial  Bemlts,  Lawrence  Oily  Water. 

[Baetarim  per  Oobie  Oentlmetsr.] 


In  River 
Water. 

IH  FILTXBBD  WaTXB  VHOM 

OoDdHton 
of 

LOM 

of 
Head. 

Feet 

DATS  - 1897. 

City 
FUter. 

Reserroir 
OoUet 

Tapat 
CltySaU. 

Tap  at 

Experiment 

SUtlon. 

Bnrfaoe 

when 

Pomps  were 

Stopped. 

Jantuury  l* 

10,000 

46 

- 

60 

68 

Drained. 

7.4 

8. 

18,000 

71 

- 

77 

80 

Covered. 

7.8 

8, 

- 

- 

- 

- 

- 

- 

- 

4. 

8,800 

178 

- 

02 

48 

Covered. 

0.4 

«• 

- 

- 

- 

- 

47 

Drained. 

0.8 

e. 

21,000 

88 

- 

68 

47 

Drained. 

7.4 

T,      . 

12,000 

M 

- 

67 

48 

Covered. 

7.8 

«•      . 

87,000 

110 

- 

82 

40 

Drained. 

7.6 

».      . 

- 

- 

- 

- 

60 

Covered. 

7.0 

10,      , 

- 

- 

- 

- 

- 

- 

- 

11,      , 

8,000 

81 

41 

80 

28 

Covered. 

0.4 

12.      . 

10,000 

167 

- 

07 

80 

Covered. 

7.8 

18.      , 

18,000 

81 

- 

82 

82 

Covered. 

7.4 

14.      . 

6,000 

60 

- 

82 

24 

Covered. 

7.8 

16,      . 

7,100 

44 

- 

80 

27 

Covered. 

0.T 

10,      . 

12,000 

120 

- 

88 

80 

Covered. 

7.0 

IT.      . 

- 

- 

- 

- 

- 

- 

- 

18.      . 

0,800 

80 

00 

82 

84 

Covered. 

0.8 

w.    . 

8,700 

08 

- 

81 

24 

Drained. 

7.1 

20,      , 

0,700 

168 

- 

28 

20 

Covered. 

7.1 

M.      . 

6,400 

n 

- 

22 

61 

Covered. 

7.4 

«.      . 

16,000 

87 

- 

04 

28 

Drained. 

7.6 

28,       , 

16,400 

84 

- 

66 

60 

Drained. 

7.4 

24,      . 

- 

- 

- 

- 

- 

- 

- 

28.      . 

18,000 

140 

87 

04 

60 

Covered. 

7.0 

20.      . 

12,000 

80 

- 

40 

48 

Covered. 

7.0 

27,      , 

*  17,000 

104 

- 

76 

82 

Covered. 

7.6 

28,      . 

- 

- 

- 

- 

20 

Covered. 

7.0 

28,      . 

- 

- 

- 

- 

44 

Covered. 

7.6 

80,      , 

87,000 

40 

- 

47 

80 

Covered. 

7.6 

81,      , 

- 

- 

- 

- 

- 

- 
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Daily  Bacterial  Besults,  Latorence  City  Water. 

[BMterU  per  Ooble  Oanttmeter.] 


inBtver 
Water. 

I«  FiLTBBXD  WaTBS  FSOM 

Condition 

of 

Borfkce 

when 

Pomps  were 

Stopped. 

LOM 

of 
Head. 

Feel 

Dats-18«7. 

City 
Filter. 

Resenroir 
Outtet 

Tap  at 
City  HaU. 

Tap  at 

Bzpertment 

SUtlon. 

February  1,    . 

17,000 

61 

68 

62 

86 

Oovered. 

2.    .       . 

11,000 

88 

- 

26 

29 

Covered. 

8,    .       , 

17,000 

82 

- 

87 

81 

Drained. 

4,    .       , 

18,000 

60 

- 

41 

69 

Covered. 

6.    .        . 

0,500 

46 

- 

64 

28 

Covered. 

e,  .     . 

14,000 

50 

- 

- 

28 

Drained. 

7,    . 

- 

- 

- 

- 

- 

- 

8,    .        . 

21,000 

126 

61 

61 

44 

Covered. 

»,    . 

0,800 

142 

- 

63 

44 

Drained. 

10,    . 

14,000 

102 

- 

60 

44 

Drained. 

11.    . 

4,500 

44 

- 

- 

47 

Drained. 

12,    . 

18,000 

42 

- 

46 

68 

Covered. 

18,    . 

18,000 

60 

- 

46 

64 

Covered. 

14.    . 

- 

- 

- 

- 

- 

- 

15.    . 

9,700 

49 

69 

40 

66 

Covered. 

1«.    . 

28,000 

42 

- 

47 

60 

Covered. 

17,    .       . 

16.000 

66 

- 

* 

76 

Drained. 

18,    . 

17,000 

76 

- 

88 

60 

Oovered. 

19,    . 

11,800 

126 

- 

44 

66 

Drained. 

20.    . 

16,000 

196 

- 

42 

67 

Covered. 

21,    . 

- 

- 

- 

- 

- 

- 

22,    .       , 

- 

- 

- 

- 

- 

Oovered. 

28,    .       , 

10,000 

171 

97 

47 

60 

Drained. 

24,    .       . 

9,800 

108 

- 

80 

78 

Oovered. 

26,    . 

6,000 

67 

- 

48 

66 

Drained. 

28,    .       . 

14,200 

64 

- 

- 

71 

Drained. 

21,    .       , 

9,800 

84 

- 

66 

67 

Drained. 

28,    . 

- 

- 

- 

- 

- 

Oovered. 

574 


STATE  BOAED  OF  HEALTH.        [Pub.  Doo. 


DcMy  Bacterial  BemUs,  Lawrence  CUy  Water. 

[BaeteiU  per  Onble  OaaUmatar.] 


1    1 

^                 1 

In  River 
Water. 

IW  FILTBBBD  WATBB  VBOM 

Condition 

of 

Surface 

when 

Pnmps  were 

Stopped. 

Loea 
of 

Datb-1897. 

City 
Filter. 

Reserrolr 
Oaaet 

Tapat 
CltyHaU. 

Tapat 

Bzpertment 

SUtion. 

Head. 
FeeC 

March  1,        .       •       • 

18.000 

71 

66 

68 

79 

Covered. 

6.4 

2, 

11,200 

104 

- 

62 

64 

Covered. 

7.8 

8, 

21,600 

124 

- 

60 

68 

Covered. 

7.6 

4, 

15.600 

78 

- 

80 

74 

Drained.  , 

7.7 

5. 

17,800 

41 

- 

61 

68 

Drained. 

7.6 

«.        < 

21,400 

42 

- 

110 

88 

Drained. 

7.7 

7, 

- 

- 

- 

- 

- 

- 

- 

8, 

8,800 

97 

86 

71 

80 

Covered. 

7.0 

9, 

16,700 

66 

- 

66 

66 

Drained. 

7.7 

10,         . 

17,100 

86 

- 

44 

63 

Drained. 

7.7 

11. 

16,200 

67 

- 

42 

62 

Drained. 

7.7 

12. 

11,100 

61 

- 

47 

62 

Covered. 

7.7 

18, 

17,600 

64 

- 

70 

22 

Covered. 

7.6 

14.        . 

- 

- 

- 

- 

- 

- 

- 

16. 

11.200 

101 

68 

60 

86 

Covered. 

7.0 

1«, 

18,000 

110 

- 

87 

76 

Covered. 

7.6 

17.        . 

8,700 

102 

- 

46 

66 

Covered. 

7.6 

18, 

7,200 

78 

- 

06 

62 

Covered. 

7.6 

1».         . 

0,000 

66 

- 

62 

46 

Drained. 

7.6 

20,        - 

11,400 

41 

- 

62 

92 

Covered. 

7.6 

21,         , 

- 

- 

- 

- 

- 

- 

- 

22, 

14,800 

48 

60 

61 

81 

Covered. 

7.0 

28, 

6.800 

60 

- 

141 

66 

Drained. 

7.6 

24,         . 

14,200 

87 

- 

44 

66 

Drained. 

7.6 

26, 

8,000 

46 

- 

66 

44 

Covered. 

7.6 

26,         . 

7,700 

40 

- 

61 

64 

Drained. 

7.6 

27, 

6,700 

- 

- 

68 

48 

Covered. 

7.6 

28, 

- 

- 

- 

- 

- 

- 

- 

20, 

0,200 

87 

87 

47 

68 

Covered. 

7.4 

80. 

6.200 

20 

- 

86 

40 

Drained. 

7.6  1 

81. 

8,600 

88 

- 

88 

48 

Drained. 

7.6 
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Daily  Bacterial  Results,  Lawrence  City  Water. 

[BMlerl*  per  Onblo  Oratlmater.] 


• 

In  RlTor 
Water. 

IH  FiLTBRBD  WaTMB  VHOM 

Condition 

of 

Surface 

when 

Pumps  were 

Stopped. 

Loet 

of 

Head. 

Feet. 

Datm  — 1897. 

City 
FUter. 

Reienroir 
Ootlet 

Tapat 
GltyHalL 

Tapat 

Experiment 

Sutton. 

April  1,  . 

4,200 

21 

- 

24 

42 

Ck>Ter«d. 

7.4 

2.  . 

8,600 

48 

- 

28 

86 

Ck>vered. 

7.2 

8.. 

18,900 

38 

- 

46 

61 

Covered. 

7.7 

4,  . 

- 

- 

- 

- 

- 

- 

- 

6,  .        . 

8,600 

81 

43 

48 

68 

Oovered. 

7.7 

6.  . 

6,900 

66 

- 

27 

39 

Oovered. 

6.6 

7,. 

8,900 

88 

- 

16 

48 

Drained. 

6.4 

8.. 

7,000 

62 

- 

68 

48 

Ck>Tered. 

6.9 

9,  .        . 

11,200 

49 

- 

22 

69 

Drained. 

6.9 

10»  . 

11,900 

S6 

- 

106 

42 

Covered. 

7.1 

11,.        , 

- 

- 

- 

- 

- 

- 

- 

12,  .        . 

4,600 

41 

- 

147 

49 

Covered. 

6.6 

18,  . 

10,400 

68 

28 

68 

62 

Drained. 

7.8 

14,  .        . 

7,200 

48 

- 

84 

80 

Drained. 

7.6 

16,  . 

4,800 

62 

- 

62 

86 

Drained. 

7.4 

16,  . 

4.900 

81 

- 

87 

87 

Covered. 

6.7 

17.  . 

6,800 

46 

- 

82 

64 

Covered. 

6.8 

18,  . 

- 

- 

- 

- 

- 

- 

- 

19,  .        . 

- 

- 

- 

- 

- 

Covered. 

7.2 

20,.       , 

6.600 

96 

- 

- 

98 

Drained. 

7.6 

21,.        , 

8,600 

48 

64 

98 

71 

Drained. 

7.8 

22,  . 

8.200 

86 

- 

86 

76 

Drained. 

7.2 

23,.        . 

2,800 

68 

- 

29 

88 

Covered. 

6.9 

24.. 

2,800 

42 

- 

68 

18 

Covered. 

6.1 

26,  .        . 

- 

- 

- 

- 

- 

- 

- 

26,  . 

7,200 

94 

28 

68 

66 

Covered. 

6.6 

27,.        , 

6.100 

86 

- 

60 

82 

Covered. 

6.9 

28,  .        . 

16,600 

20 

- 

29 

89 

Drained. 

7.2 

29,. 

4.800 

98 

- 

86 

87 

Drained. 

7.0 

80,  . 

8,800 

82 

- 

86 

47 

Covered. 

6.2 
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Monthly  Averages  of  Bacterial  Remits  from  the  Lawrence  City  Water, 


Months. 


Baotbsia  pmh  Cubic  Cbhtimbtbr  in  Watbr  fbom 


Blver. 


EfBoent 

at 
ruter. 


BeMrvolr 
Outlet. 


CltrHaU 
Tap. 


Experiment 

Station 

Tap. 


18»«. 
Biay  to  November,  inolative 

December, 

18«7. 

January,     

February,  ......... 

March,        .•••••... 

April 

Average, 

Per  cent,  which  the  average  number  of  bacteria 
removed  was  of  the  average  number  of  river 
bacteria, 


7,523 

78 

119 

78 

0,895 

67 

59 

68 

18,814 

91 

78 

49 

13,113 

79 

92 

48 

12,055 

67 

68 

62 

6,904 

47 

39 

51 

10,484 

71 

74 

58 

- 

99.82 

99.39 

99.45 

55 
42 

89 
52 
63 
50 


50 


99.53 


The  following  tables  give  the  averages  of  the  chemical  analyses  of 
the  river  water  and  also  of  the  filtered  water  collected  at  various 
points  on  the  water  supply  system  once  each  week  during  the  year. 
The  bacterial  results  given  in  these  tables  are  of  these  samples  only. 

Monthly  Averages  of  Analyses  of  the  Merrimack  Biver  Water  as  it  flows  upon  the 

Lawrence  City  Filter. 

[Parti  per  100,000.] 


1M6. 


January, . 

February, 

March,     . 

April, 

May, 

June, 

July, 

Auguii,  . 

September, 

October, . 

November, 

December, 

Average, 


Tempera- 
ture. 

Deg.  F. 


88 
84 
85 
47 
66 
02 
76 

n 

64 
58 
41 
84 

52 


.42 
.44 

.40 
.41 
.40 
.51 
.86 
.83 
.42 
.02 
.50 
.49 

.44 


A1IM0MI4. 


▲LBDMINOID. 


I 


o 

§ 


.0077 

.0162 

.0053 

.0174 

.0034 

.0185 

.0027 

.0148 

.0052 

.0217 

.0145 

.0252 

.0152 

.0287 

.0144 

.0188 

.0181 

.0208 

.0082 

.0246 

.0051 

.0169 

.0078 

.0250 

.0004 

.0108 

.0150 
.0149 
.0129 
.0136 
.0177 
.0194 
.0171 
.0152 
.0195 
.0238 
.0165 
.0226 

.0174 


1 

6 


.18 
.18 
.15 
.18 
.19 
.21 
.27 
.28 
.21 
.21 
.19 
.20 

.90 


Nitbooen  Ai 


s 


.022 
.019 
.012 
.010 
.014 
.012 
.009 
.008 
.014 
.015 
.012 
.018 

.014 


.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0005 
.0002 
.0000 
.0000 
.0000 

.0001 


s 

.6 


mm 

I 


.48 
.48 
.82 
.84 
.82 
.40 
.26 
.81 
.48 
.69 
.50 
.54 

.42 


i 

I 


1.8 
1.4 
1.0 
0.9 
1.2 
1.5 
1.7 
1.7 
1.4 
1.2 
l.S 
1.8 

1.8 


o 
s 


ii 


7,800 

11,800 

6,600 

2,100 

9,000 

6,400 

8,900 

2,700 

12,800 

MOO 

6,000 

10,700 

7,100 
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Monthly  Averages  of  Analyses  of  Effluent  from  the  City  Filter. 

[ParU  per  100,000.] 


Tempera- 
tore. 

Deg.  F. 

1 

Ammonia. 

, 

NinOOBV  A8 

• 

J 

n 

S 

■ 

1 

ALBUMWOID. 

i 

1 

BaeteriaperCc 
Centimeter. 

1896. 

• 

a 

Janoary,  . 

8T 

.40 

.0008 

.0105. 

.0102 

.21 

.088 

.0000 

.86 

2.18 

102 

Febroary, 

86 

.40 

.0074 

.0111 

.0000 

.22 

.086 

.0000 

.88 

2.10 

206 

March, 

86 

.44 

.0007 

.0070 

.0078 

.10 

.081 

.0000 

.27 

1.60 

207 

April, 

47 

.80 

.0080 

.0077 

.0071 

.14 

.088 

.0000 

.22 

1.60 

47 

May,.       . 

er 

.84 

.0074 

.0078 

.0078 

.22 

.088 

.0000 

.24 

1.70 

56 

Jane, 

61 

.87 

.0087 

.0101 

.0101 

.22 

.084 

.0000 

.25 

1.00 

22 

July, . 

78 

.21 

.0076 

.0068 

.0065 

.20 

.046 

.0001 

.16 

1.00 

80 

Angaat,     . 

76 

.23 

.0066 

.0067 

.0061 

.28 

.080 

.0000 

.18 

2.00 

146 

September 

t      * 

06 

.20 

.0078 

.0106 

.0008 

.28 

.048 

.0001 

.26 

1.00 

87 

October,    . 

56 

.42 

.0106 

.0122 

.0118 

.26 

.088 

.0000 

.26 

2.80 

80 

November, 

40 

.40 

.0007 

.0111 

.0106 

.20 

.081 

.0000 

.88 

1.08 

87 

December, 

86 

.44 

.0086 

.0125 

.0116 

.10 

.086 

.0000 

.87 

1.66 

156 

Average,    . 

58 

.86 

.0084 

.0006 

.0000 

.22 

.086 

.0000 

.27 

1.00 

118 

Monthly  Averages  of  Analyses  of  Water  from  the  Outlet  of  (he  Distritmiing 

Reservoir, 

[ParU  per  100,000.] 


Tempera- 
tare. 

Deg.F. 

1 

Ammonu 

• 

1 

NiTBOGBV  AS 

Oxygen 

Conamned. 

• 

i 

a 

1 

^ 

ALBUMINOID. 

• 

• 

1 

Bacteria  per  Ct 
Centimeter. 

189«. 

• 

S 
1 

January,   . 

86 

.48 

.0074 

.0128 

.0118 

.21 

.040 

.0000 

.87 

2.06 

140 

February, 

80 

.80 

.0078 

.0108 

.0102 

.22 

.041 

.0000 

.80 

2.80 

221 

March, 

86 

.40 

.0075 

.0077 

.0076 

.20 

.080 

.0000 

.26 

2.10 

810 

April,       . 

4 

41 

.85 

.0058 

.0087 

.0081 

.16 

.086 

.0000 

.22 

1.60 

70 

May, . 

1 

61 

.20 

.0082 

.0086 

.0078 

.21 

.041 

.0000 

.21 

1.80 

76 

June, 

< 

68 

.20 

.0080 

.0108 

.0007 

.22 

.048 

.0000 

.22 

2.10 

88 

Joly, .       . 

1                      < 

74 

.21 

.0020 

.0001 

.0081 

.28 

.080 

.0001 

.17 

2.10 

180 

Anguit, 

>                     < 

76 

.17 

.0087 

.0082 

.0078 

.20 

.085 

.0002 

.16 

2.10 

161 

September 

» 

66 

.24 

.0081 

.0000 

.0008 

.24 

.044 

.0000 

.20 

1.00 

77 

October,    . 

I 

66 

.81 

.0050 

.0116 

.0112 

.28 

.062 

.0000 

.24 

2.00 

64 

November, 

\ 

46 

.50 

.0057 

.0112 

.0100 

.22 

.087 

.0000 

.88 

2.06 

60 

December, 

86 

.45 

.0074 

.0110 

.0114 

.10 

.042 

.0000 

.84 

1.60 

48 

Average* 

52 

.84 

.0052 

.0100 

.0005 

.28 

.041 

.0000 

.26 

1.07 

116 
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Monthly  Averages  of  AnaXysta  from  a  Tap  at  the  Lawrence  City  Hall. 

[ParU  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

1 

Ammovxa. 

i 
1 

6 

KlTlOOKN  Aa 

Oxygen 

Consumed. 

1 

1? 

1M6. 

1 

Albu- 
minoid, 

1 

• 

s 

Bacteria 
Cubic    Ce 
meter. 

January, 

42 

.42 

.0068 

.0116 

.20 

.041 

.0000 

.87 

2.00 

08 

February,    . 

88 

.87 

.0060 

.0007 

.22 

.048 

.0001 

.80 

1.08 

164 

March,  • 

88 

.80 

.0066 

.0084 

.20 

.088 

.0000 

.24 

1.86 

06 

April,  . 

44 

.86 

.0046 

.0086 

.16 

.086 

.0000 

.18 

1.68 

60 

May.    . 

62 

.20 

.0024 

.0076 

.20 

.042 

.0000 

.21 

1.80 

42 

Jane,    . 

62 

.27 

.0016 

.0000 

.22 

.048 

.0000 

.21 

2.00 

82 

Jnly»    . 

70 

.10 

.0018 

.0072 

.28 

.011 

.0001 

.17 

2.00 

144 

Angait, 

74 

.16 

.0016 

.0078 

.80 

.086 

.0001 

.14 

2.00 

104 

BeptamtMr,  . 

67 

.10 

.0024 

.0000 

.24 

.044 

.0001 

.18 

1.00 

78 

October, 

67 

.80 

.0030 

.0108 

.28 

.047 

.0000 

.23 

2.00 

40 

November,  , 

48 

.48 

.0048 

.0118 

.22 

.086 

.0000 

.87 

2.08 

87 

December,  . 

80 

.44 

.0060 

.0118 

.10 

.046 

.0000 

.86 

1.76 

124 

Average, 

68 

.82 

.0088 

.0004 

.23 

.080 

.0000 

.26 

1.80 

84 

Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Experiment 

Station. 


[ParU  per 

100,000. 

] 

Tempera- 
ture. 

Deg.  F. 

i 

Amiiohia. 

1 

NiTBOOXM  Afl 

Oxygen 

Consumed. 

i 
1 

n 

18»«. 

1 

Albu- 
minoid. 

1 

i 

Bacteria 
Cnbtc    Cei 
meter. 

Jaoaary,      .       .       .      . 

40 

.41 

.0178 

.0108 

.20 

.044 

.0000 

.36 

2.06 

74 

Febmary,    .       .       .       . 

80 

.86 

.0088 

.0100 

.22 

.046 

.0000 

.30 

1.06 

144 

March,        .       .       .       . 

40 

.88 

.0042 

.0080 

.20 

.041 

.0000 

.24 

1.86 

167 

April 

48 

.84 

.0020 

.0070 

.16 

.087 

.0000 

.17 

1.60 

48 

May, 

64 

.27 

.0016 

.0079 

.20 

.044 

.0000 

.20 

1.70 

80 

June 

68 

.26 

.0018 

.0090 

.22 

.047 

.0000 

.20 

• 

2.00 

31 

July, 

67 

.17 

.0014 

.0073 

.28 

.044 

.0000 

.16 

1.00 

86 

Auguit,       .       .       .       . 

70 

.16 

.0011 

.0062 

.30 

.040 

.0000 

.18 

2.00 

66 

September, 

67 

.16 

.0021 

.0086 

.24 

.046 

.0001 

.17 

2.00 

47 

October,      .... 

68 

.28 

.0026 

.0100 

.84 

.060 

.0000 

.22 

2.00 

86 

November,  .... 

63 

.47 

.0022 

.0116 

.22 

.040 

.0000 

.86 

2.00 

80 

December,  .... 

80 

.48 

.0020 

.0111 

.24 

.046 

.0000 

.32 

1.70 
1.88 

88 

Average, 

60 

.81 

.0086 

.0001 

.24 

.044 

.0000 

.24 

66 
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Sewage  Disposal  of  Cities  and  Towns  in  Massachu- 

SEHS  BY  Intermittent  Filtration. 


During  the  year  1896  works  for  the  disposal  of  sewage  were  con- 
structed at  Natick,  Leicester  and  the  Westborough  Insane  Hospital. 
The  results  of  examinations  of  sewage  and  effluent  collected  from 
the  various  works  and  examined  during  the  year  1896  are  given  in 
the  tables  which  follow,  together  with  statistics  as  to  the  works. 
At  the  end  of  1896  there  were  11  cities  and  towns  in  the  State  in 
which  the  purification  of  the  sewage  is  eflfected  by  filtration  through 
beds  of  gravel  or  sand,  and  the  sewage  of  several  large  institutions 
is  disposed  of  by  this  method. 

^  Sewage  Disposal  at  Bbockton. 

The  sewage  disposal  works  of  the  city  of  Brockton  were  first  put 
in  operation  in  November,  1894.  The  total  number  of  connections 
delivering  sewage  to  the  sewers  during  the  last  quarter  of  1896  was 
309,  of  which  154  were  from  dwelling-houses  and  155  from  factories, 
business  blocks,  hotels  and  public  buildings. 

The  following  table,  taken  from  the  report  of  the  city  engineer  of 
Brockton  for  1896,  gives  the  average  amount  of  sewage  disposed  of 
and  the  average  temperature  of  the  sewage  as  it  reached  the  beds :  — 


MOVTB. 


ATtrmgeDAihr 

Flow  At  Field 

(GAlloni). 


Temperature 

Sewage  at 

Field 

(Degrees  F.)* 


January, 
Febmary, 
March,  . 
April,    . 
May,      . 
June,     . 
Jnly,     . 
Augoit, 
September, 
October, 
Norember, 
December, 


474,000 
608,400 
64S,600 
476,100 
321,900 
881,700 
822,800 
806,000 
687,100 
800,100 
618,000 
660,000 


43.6 
42.0 
42.4 
46.0 
62.1 
68*8 
60.9 
82.2 
81.0 
67.4 
64.1 
4t.0 


The  results  of  examinations  of  the  sewage  and  effluent  from  these 
works  made  in  March,  1897,  are  given  below. 
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Chemical  Examination  of  Sewage  from  Brockton. 

[ParU  per  100,000.] 


Date  of 

CoUeotton. 

APTMAXAIfOB. 

RBSIDITS  Oir  ETAPOaATION. 

TnrbkUty. 

Sediment 

TOTAL  BSSIDUS. 

L088  ON  lomnoir. 

• 

• 

1 

• 

1 

• 

1 

i 

• 

it 

16200 
10207 

March  9 
March  9 

Thick. 
Deddad,  mUky. 

Heavy,  dark. 
SUght. 

65.00 
22.20 

20.80 
20.20 

44.20 
2.00 

40.00 
7.00 

6.00 
6.80 

88.40 
0.20 

Chemical  Examination  oj  Sewage  from  Brockton—  Concluded. 

[Parts  per  100,000.] 


Amxohia. 

o 

KlTROOBN  AS 

OZTOBK  GOHSUMSD. 

Ixow. 

, 

ALBUKHrOID. 

• 

f 

s 

i 

1 

1 

g 

1 

1 

1 

Sus- 
pended. 

• 

i 

a 

s 

1.8120 
1.1840 

.8960 
.1920 

.1720 
.1120 

.7240 
.0800 

8.40 
8.20 

.0080 
.0160 

.0010 
.0800 

7.86 
2.08 

1.29 
1.42 

.3100 
.0600 

.0460 
.0600 

0.9 
6.0 

Odor,  offensive. The  samples  were  collected  as  the  sewage  flowed  ont  npon  the  fllter  beds.    Th* 

first  sample  was  collected  when  the  sewage  contained  a  large  amoont  of  sladge,  occasioned  by  the  agita- 
tion of  the  sewage  in  the  receiving  reservoir. 

Chemical  Examination  of  Effluent  from  an  Underdrain  at  the  Brockton  Setoage 

Disposal  Works, 

[ParU  per  100,000.] 


I 

9t 


16206 


1896. 

March  0 


Apprabahob. 


tf 
€ 


• 


None. 


None. 


.00 


B 
O 

Ilk 


I 


18.60 


AmCOMIA. 


6 


is 


,1920 


.0070 


2.92 


NlTBOOBW 
AS 


I 


Z 


.8160 


.0012 


i 


3 

o 


i 


.09 


2.7      .0000 


Odor,  mnsty. The  sample  was  collected  from  the  underdrain  near  Pearl  Street,  and  contains  a 

large  amount  of  groond  water. 

Sewaoe  Disposal  at  Fbamingham. 

At  the  end  of  1896  about  850  dwelling-houses  and  50  business 
blocks,  stores,  factories,  etc.,  were  connected  with  the  sewers.  The 
Women's  Prison,  having  a  population  of  about  300,  located  within 
the  limits  of  the  town  of  Sherborn,  is  also  connected  with  the  works. 
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Analyses  of  samples  of  the  sewage  and  effluent  collected  during 
the  year  are  given  in  the  tables  which  follow  :  — 

ChemictU  Examination  of  Sewage  from  Framingham. 

[Parts  per  100,000.] 


• 

§ 
I 

2 

1 

Afprabahcb. 

1 

Rksiddb  oh  Evapobatiom. 

TnrbkUty. 

Sediment. 

TOTAL  BS8IDDB. 

LOSS  oir  laxiTiow. 

1 

a 

1 

• 

J 

• 

OD 

1 

• 

1 

00 

16887 
16078 
10060 
10160 
10280 
18820 
10410 
18602 
10761 
18080 

ino6 

17416 
1T848 
1T8S7 
18040 
18188 

18«6. 

Jan.   16 
Jan.  20 
Feb.  12 
Feb.  28 
Mar.  11 
Mar.  26 
April  16 
May   18 
June  10 
July  16 
Aug.  18 
Sept.   0 
Oct.    16 
Nov.  11 
Dec.    0 
Deo.  28 

Decided,  milky. 

Thick. 

Thick. 

Thick. 

Decided. 

Decided. 

Thick. 

Thick. 

Thick. 

Thick. 

Thick. 

Decided,  heavy. 

Decided. 

Decided. 

Thick. 

Thick,  milky. 

Distinct,  black. 
Cons.,  earthy. 
Cons. 

Cons.,  sandy. 
Cons. 

Heavy,  black. 
Very  heavy. 
Very  heavy. 
Heavy,  dark. 
Heavy,  dark. 
Heavy,  dark. 
Heavy. 
Heavy,  black. 
Heavy. 
Very  heavy. 
Heavy,  dark. 

176.40 

314.20 

810.80 

247.40 

165.00 

400.20 

208.60 

682.20 

68.20 

62.20 

180.00 

62.20 

60.00 

460.40 

208.20 

416.40 

81.60 
26.60 
81.20 
23.40 
20.60 
28.20 
84.40 
67.40 
81.80 
41.80 
44.60 
41.20 
82.40 
66.20 
20.40 
82.40 

148.80 

287.60 

270.60 

224.00 

184.40 

432.00 

160.20 

624.80 

36.40 

20.40 

144.40 

11.00 

26.60 

804.20 

268.80 

388.00 

146.20 

275.60 

271.80 

216.00 

126.00 

413.80 

164.00 

568.20 

40.40 

20.60 

186.60 

21.40 

88.00 

876.80 

281.00 

371.00 

12.20 

11.00 

15.40 

7.80 

5.40 

11.20 

10.80 

20.40 

10.40 

11.80 

18.20 

12.60 

10.40 

17.80 

0.40 

8.60 

133.00 

264.60 

256.40 

207.80 

110.60 

402.60 

153.20 

628.80 

80.00 

17.80 

122.40 

8.80 

22.60 

868.00 

262.20 

382.40 

Av. 

240.20 

87.88 

208.63 

100.82 

18.08 

186.74 

Chemical  Examination  of  Sewage  from  Framingham — Concluded. 

[ParU  per  100,000.] 


Ammomla. 

NITSOQBH  AS 

OXTOBV 
CONSDMBD. 

IBOH. 

ALBUMIVOID. 

1 

i 

1 

• 

• 

• 

i 

§ 

• 

1 

1 

i 

a 

1 

a 

1 

i' 

00 

6 

2 

^ 

s 

a 

1 

E 

1 

16887     1.6000 

2.5200 

.2820 

2.2880 

4.78 

.0000 

.0000 

12.60 

2.81 

0.8100 

0.1200 

8.6 

16078  '  2.0000 

1.7800 

.2600 

1.4800 

4.22 

.0090 

.0000 

0.75 

2.28 

0.8400 

0.0600 

4.7 

16058     1.6800 

7.8100 

.6700 

7.0400 

8.60 

.0050 

.0022 

26.62 

8.60 

0.6000 

0.1600 

16.4 

18150  ,  1.4400 

4.1400 

.2800 

3.8600 

8.30 

.0060 

.0000 

12.06 

2.64 

0.6100 

0.0000 

0.8 

16236  1  1.1600 

S.TOOO 

.1600 

3.6400 

8.64 

.0000 

.0000 

16.81 

1.70 

0.8100 

0.0600 

7.0 

16326  ,  1.0000 

8.1800 

.2540 

7.0260 

3.00 

.0050 

.0000 

18.37 

2.60 

1.4000 

0.8800 

18.8 

16418 

2.8800 

1.0120 

.3680 

1.5440 

6.60 

.0000 

.0000 

14.00 

8.85 

0.2800 

0.0720 

6.7 

16602 

4.8000 

5.3500 

.7400 

4.6100 

6.46 

.0050 

.0010 

30.86 

2.30 

4.2000 

1.0400 

11.3 

16761 

2.7520 

0.8040 

.8820 

0.6120 

6.40 

.0000 

.0010 

5.08 

2.12 

0.1500 

0.0500 

6.0 

16080 

2.1600 

0.5040 

.2420 

0.2620 

11.20 

.0000 

.0000 

4.18 

2.08 

0.1240 

0.0720 

6.7 

17105     3. 1360 

1.8880 

.2640 

1.1240 

12.40 

.0000 

.0000 

10.67 

2.02 

0.2600 

0.0840 

0.0 

17415 

2.0800 

0.3800 

.1020 

0.1880 

8.78 

.0050 

.0000 

3.26 

1.80 

0.1600 

0.0000 

6.2 

17646 

2.8800 

0.6680 

.2800 

0.4380 

0.06 

.0000 

.0000 

8.18 

2.06 

0.1860 

0.0660 

8.8 

17837 

8.4000 

6.6400 

.4600 

5.1800 

10.50 

.0070 

.0000 

31.36 

4.54 

1.0200 

0.2760 

6.4 

18040 

8.4000 

2.4800 

.8100 

2.1200 

6.25 

.0030 

.0000 

23.13 

4.72 

0.8300 

0.1040 

4.3 

18186 

2.2000 

1.6800 

.4600 

1.1300  1 

0.40 

.0000 

.0000  ! 

28.88 

4.64 

0.6300 

0.0860 

4.6 

Av. 

2.8607     2.7272 

.3438 

2.3834 

7.23 

.0023 

.0003 

15.02 

2.05 

0.7006 

0.1883 

7.8 

Odor,  offensive.  ~>  The  sewage  was  collected  as  it  flowed  oat  upon  the  filter  beds. 
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Chemical  Examination  of  Effluent  from  the  East  Underdrain  of  the  Framingham 

FiUer  Beds, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbaiulhob. 

Odor. 

RcsMue  on 
Evaporation. 

i 

Turbidity. 

Sediment. 

i 

6 

Gold. 

Hot. 

15889 
15980 

10058 

10151 
10288 
10828 
10418 

10594 
10708 
10991 
17197 
17417 
17048 
17889 
18042 
18188 

1M6. 

Jan.   15 
Jan.   29 

Feb.   12 

Feb.   20 
Mar.  11 
Mar.  20 
April  15 

May   18 
June  10 
July   15 
Aug.  IS 
Sept.    9 
Oct.    15 
Nov.  11 
Dec.     9 
Deo.  28 

None. 
Slight. 

y.  slight. 

Distinct. 
None, 
y.  slight, 
y.  slight. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

y.  slight. 

None. 

None. 
Slight. 

Slight. 

81%earthy. 
y.  slight. 
None, 
y.  slight. 

None. 
Slight. 
None, 
y.  slight, 
y.  slight. 
Slight, 
y.  slight, 
y.  slight. 
None. 

.00 
.02 

.02 

.10 
.08 
.03 
.01 

.00 
.00 
.00 
.01 
.01 
.02 
.03 
.01 
.00 

Distinctly  earthy. 
Faintly   musty  and 

unpleasant. 
Distinctly   musty  and 

disagreeable. 
Distinctly  unpleasant. 
Distinctly  musty. 
Distinctly  disagreeable. 
Decidedly  musty. 

None. 

Distinctly  musty. 

None. 

Faintly  musty. 

None. 

None. 

None. 

None. 

OUy. 

Decidedly  musty. 
Distinctly  musty  and 

disagreeable. 
Decidedly  musty  and 

disagreeable. 
Distinctly  disagreeable. 
Decidedly  musty. 
Distinctly  musty. 
Decidedly  musty  and 

disagreeable. 
Faintly  musty. 
Decidedly  musty. 
None. 

Faintly  musty. 
None. 

Faintly  mouldy. 
None. 

Faintly  musty. 
None. 

20.90 
19.80 

18.30 

18.80 
18.00 
17.10 
28.50 

22.50 
38.00 
34.70 
33.80 
29.00 
27.70 
27.80 
90.00 
27.70 

At.. 

.02 

M.47 

•••••••••••••••••••••••• 

Chemical  Examination  of  Effluent  from  the  East  Underdrain  of  the  Framingham 

Filter  Beds  —  Concluded. 


[ParU  per  100,000.]    • 

Ammokia. 

«; 

KiTROOBN  AS 

a 

s 
o 

• 

8 

• 

^ 

• 

• 

1 

• 

i 

1 

8 

e  o 

M 

e 

• 

» 

Sn 

< 

6 

m 

s 

o 

09 

•a 

15889 

.0800 

.0000 

4.02 

0.6260 

.0020 

.10 

4.0 

.0090 

16980 

.4080* 

.oro 

4.04 

0.3000 

.0076 

.27 

4.9 

.0060 

18068 

.4880 

.0220 

s.so 

0.1800 

.0100 

.93 

4.0 

.0130 

10151 

.5920 

.0100 

4.02 

0.2800 

.0060 

.91 

4.0 

.0190 

18i38 

.4000 

.0010 

3.07 

0.2800 

.0080 

.90 

4.3 

.0160 

10328 

.3280 

.0070 

3.68 

0.3700 

.0020 

.40 

7.3 

.0080 

10418 

.5920 

.0090 

8.72 

0.0800 

.0030 

.10 

6.S 

.0060 

10694 

.1200 

.0120 

8.98 

0.8000 

.0010 

.19 

7.0 

.0010 

10708 

.8440 

.0130 

6.18 

1.3000 

.0030 

.16 

10.0 

.0030 

10991 

.0130 

.0040 

0.30 

1.0000 

.0012 

.11 

7.9 

.0010 

17197 

.1100 

.0270 

0.00 

1.1260 

.0000 

.16 

8.4 

.0010 

17417 

.0144 

.0004 

0.99 

0.6000 

.0008 

.04 

6.9 

.0000 

17048 

.0890 

.0000 

0.02 

1.0000 

.0010 

.17 

0.0 

.0100 

17830 

.0300 

.0068 

6.92 

0.0000 

.0020 

.10 

6.9 

.0100 

18042 

.0670 

.0006 

0.02 

i      1.3760 

.0030 

.10 

8.9 

.0030 

18188 

.0720 

.0088 

0.50 

1.0000 

.0090 

.18 

0.9 

.0040 

At.. 

.9007 

.0100       1 

1        6.94 

,      0.7083 

1 

.0029 

i    •" 

0.6 

.0048 

The  samplw  were  eoUccted  from  the  anderdrain  at  Its  outlet. 
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Chemical  Examination  of  Effluent  from  the  West  Underdrain  at  the  Framingham 

Filter  Beds, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbabaxob. 

OOOB. 

• 

1 

p 
7i 

Torbidliy. 

Sediment 

i 

Cold. 

Hot. 

15888 
15070 
16057 
16162 
16237 
16327 
16417 
16593 
16762 
16990 
17196 

17416 
17647 
17838 
18041 
18187 

1896. 

Jan.   15 
Jan.   29 
Feb.    12 
Feb.  26 
Mar.  11 
Mar.  26 
AprU15 
May   18 
June  10 
July  15 
Aug.  13 

Sept.    9 
Oct.    15 
Nov.  11 
Dec.    9 
Dec.  23 

None. 
None. 
None. 
None. 
V.  slight. 
V.  slight. 
V.  slight. 
None. 
Distinct. 
V.  slight. 
Sl't,  milky 
and  floe. 
None. 
SUgbt. 
Distinct. 
Distinct. 
None. 

V.slight. 

None. 

None. 

None. 

V.sUght. 

None. 

V.slight. 

V.slight. 

Oons.,dark. 

V.slight. 

Slight. 

V.slight. 

Slight. 

Cons. 

Slight. 

V.slight. 

.02 
.00 
.00 
.02 
.04 
.02 
.02 
.03 
.01 
.02 
.12 

.15 
.20 
.08 
.83 
.01 

Faintly  earthy. 

None. 

None. 

None. 

Distinctly  musty. 

Distinctly  mouldy. 

Distinctly  musty. 

None. 

Dtotinctly  mouldy. 

FMntly  musty. 

Distinctly  musty. 

None. 

Faintly  unpleasant. 

Dls.  disagreeable. 

None. 

V.  faintly  musty. 

Decidedly  musty. 
Faintly  musty. 
Faintly  musty. 
Faintly  musty. 
Decidedly  musty. 
Distinctly  musty. 
Decidedly  musty. 
Distinctly  musty. 
Distinctly  mouldy. 
V.  faintly  musty. 
Decidedly  musty. 

Faintly  musty. 
Distinctly  unpleasant. 
Decidedly  disagreeable. 
Distinctly  musty. 
Faintly  musty. 

21.70 
20.80 
21.40 
22.00 
18.60 
18.70 
20.70 
29.00 
20.80 
87.00 
84.60 

34.00 
21.60 
28.60 
17.70 
28.80 

Av.. 

•■««««•«•••• 

.07 

25.89 

1 

Chemical  Examination  of  Effluent  from  the  West  Underdrain  at  the  Framingham 

Filter  Beds — Concluded. 

[ParU  per  100,000.] 


AmCOMIA. 

• 

NlTBOOBW  AB 

Oxygen 

Consumed. 

• 

i 

1 

1 

1 

a 

1 

B-a 

§ 

1 

a 

15888 

.0560 

.0060 

8.40 

0.8800 

.0014 

.06 

6.1 

.0180 

15079 

.0302 

.0056 

3.41 

1.0000 

.0012 

.12 

4.0 

.0100 

16057 

.0376 

.0058 

8.62 

0.8500 

.0011 

.08 

6.6 

.0160 

16162 

.0400 

.0070 

3.40 

1.0600 

.0007 

.16 

6.0 

.0220 

10237 

.2120 

.0180 

8.56 

0.4000 

.0022 

.21 

4.8 

.0100 

16827 

.0440 

.0080 

3.42 

0.8600 

.0010 

.00 

6.0 

.0160 

16417 

.0328 

.0056 

8.50 

0.8000 

.0018 

.07 

6.7 

.0140 

16593 

.0424 

.0124 

6.00 

1.0500 

.0076 

.14 

6.7 

.0260 

16762 

.0520 

.0166 

2.18 

0.3000 

.0066 

.16 

8.0 

.0300 

10090 

.0204 

.0054 

6.00 

1.1000 

.0010 

.13 

8.1 

.0080 

17106 

.0720 

.0100 

7.20 

0.8750 

.0066 

.10 

7.4 

.0460 

17416 

.0280 

.0060 

7.11 

0.6260 

.0018 

.14 

6.0 

.0600 

17647 

.0800 

.0120 

4.00 

0.6600 

.0020 

.82 

6.0 

.0600 

17838 

.1760 

.0106 

6.68 

0.6260 

.0040 

.18 

7.7 

.0640 

18041 

.0502 

.0220 

3.60 

0.6600 

.0006 

.60 

4.8 

.0680 

18187 

.0848 

.0084 

6.40 

1.1000 

.0040 

.14 

7.6 

.0150 

Av.. 

'        .0668 

1 

.0106 

4.74 

0.7412 

.0080 

.16 

6.4 

.0312 

The  samplee  were  collected  from  the  underdrain  at  its  outlet. 
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Chetnical  Examination  of  Water  from  a  Spring  near  Bannister  Brook  which 
receives  Effluent  from  the  Framingham  Filter  Beds, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appbabanob. 

OOOB. 

Residue  on 
Evaporation. 

• 

a 
2! 

Turbidity. 

Sediment 

1 

Cold. 

Hot. 

15800 
16081 
10050 
10140 
10290 
10820 
10410 
10605 
10704 
10002 
17108 
17418 
17040 
17841 
18044 
18180 

1896. 

Jan.   16 
Jan.   20 
Feb.  12 
Feb.  20 
Mar.  11 
Mar.  20 
Apr.  15 
May   18 
June  10 
July  16 
Aug.  18 
Sept.    0 
Oct.    16 
Nov.  11 
Deo.     0 
Deo.  23 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

V.  Alight. 

None. 

None. 

V.  Blight. 

V.  Blight. 

None. 

Blight. 

None. 

.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

None. 

None. 

None. 

None. 

Faintly  earthy. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Faint. 

None. 

None. 

18.80 
17.60 
18.70 
10.00 
10.20 
17.00 
10.40 
17.80 
10.10 
20.20 
10.70 
22.30 
20.10 
18.00 
10.10 
10.80 

Av.. 

.00 

10.02 

Chemical  Examination  of  Water  from  a  Spring  near  Bannister  Brook  which 
receives  Effluent  from  the  Framingham  Filter  Beds — Concluded. 


[Parts  per  100,000.] 

AmcoHiA. 

NiTBOOBN  A8 

1 

• 

8 

«* 

B 

i 

• 

■B 
.1 

• 

1 

i 

a 

Em 

1^ 

p 

s 

1 

1 

« 

1 

16800 

.0000 

.0084 

8.10 

.7000 

.0000 

.08 

4.4 

.0040 

15081 

.0008 

.0024 

3.30 

.7000 

.0000 

.00 

4.0 

.0060 

10050 

.0000 

.0022 

8.00 

.8000 

.0000 

.00 

6.1 

.0160 

10140 

.0000 

.0010 

3.42 

.0000 

.0000 

.00 

4.7 

.0020 

10230 

.0000 

.0010 

3.44 

.5400 

.0000 

.01 

4.0 

.0000 

10320 

.0000 

.0020 

3.42 

.7800 

.0000 

.04 

0.0 

.0020 

10410 

.0008 

.0020 

8.00 

.6000 

.0000 

.01 

4.2 

.0000 

10595 

.0000 

.0020 

8.41 

.0000 

.0000 

.01 

4.8 

.0010 

10704 

.0004 

.0028 

3.40 

.0800 

.0000 

.00 

6.5 

.0020 

10002 

.0002 

.0022 

3.50 

.7600 

.0001 

.05 

4.0 

.0010 

17108 

.0000 

.0042 

3.40 

.0260 

.0003 

.03 

4.0 

.0040 

17418 

.0002 

.0070 

3.60 

.6000 

.0000 

.01 

5.2 

.0000 

17040 

.0004 

.0040  . 

3.01 

.7200 

.0000 

.06 

4.0 

.0460 

17841 

.0000 

.0014 

3.50 

.0000 

.0000 

.02 

4.7 

.0080 

18044 

.0000 

.0020 

8.60 

.0260 

.0000 

.10 

6.3 

.0000 

18180 

.0000 

.0018 

3.68 

.7600 

.0000 

.30 

6.7 

.0090 

Av.. 

.0003 

.0030 

1 

3.43 

.0416 

.0000 

.04 

4.0 

.0030 

No.  34.]        SEWAGE  DISPOSAL  OF  TOWNS- 
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ChemiccU  Examination  of  Water  from  Bannister  Brook  below  the  Framingham 

Filter  Beds. 

[Parts  per  100,000.] 


§ 


S3 

o 
O 


16004 
17200 
17420 


Av. 


1896. 

July  14 

Aug.  IS 
Sept.  0 


Appbaxamob. 


DUtinct. 

Slight. 

SUght. 


Oone.f 

brown. 
SUght, 

dark. 
Gone., 

earthy. 


.20 
.12 
.18 


.17 


Rbsiddb  on 
Evapora- 
tion. 


o 
H 


a 

4 


S 


18.70 
22.60 
27.86 


21.22 


8.80 
6.76 
8.20 


6.26 


Akmonia. 


ALBUMINOID. 

1 

• 

i 

3 

1 

© 

s 

Sa 

fM 

H 

Q 

CO 

.0088 
.0084 
.0006 


.0078 


.0224 
.0000 
.0116 


.0148 


.0006 
.0070 
.0078 


.0081 


.0128 
.0020 
.0088 


.0062 


I 


2.28 
4.24 
4.60 


3.67 


NiTBOOBN 
A8 


S 


2 


.6600 
.6000 
.8600 


.4700 


.0018 
.0080 
.0018 


.0020 


•s 

a 

o 

0 
o 
O 

a 


n 


.82 
.10 
.26 


.26 


8.4 
5.0 
4.7 


4.4 


Odor  of  the  flrat  and  last  aamplee,  vegetable;  of  the  aecond,  none,  becoming  faintly  mouldy  on 
heating.  —  The  aamplee  were  collected  from  the  brook,  at  the  first  road  crossing  below  the  sewage 
field. 


Sewage  Disposal  at  Gardner. 

The  area  ased  for  the  disposal  of  sewage  at  Gardner  was  enlarged 
in  1896  by  the  construction  of  several  new  filter  beds,  bringing  the 
total  area  up  to  about  2.75  acres.  The  quantity  of  sewage  delivered 
to  the  filter  beds  is  not  definitely  known.  At  the  end  of  1896  the 
sewers  were  used  by  432  families,  38  business  blocks,  hotels  and 
public  buildings,  5  school-houses  and  11  factories,  and  it  is  estimated 
that  the  total  number  of  people  connected  with  the  sewers  is  about 
5,500.     The  total  length  of  the  sewers  is  a  little  over  9  miles. 


i 
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Cfftemieal  Examination  of  Sewage  from,  Oardner. 

[Parti  par  100,000.] 


Date  of 

Collection. 

Appkaravok. 

RsaiDDB  ox  EVAPORATIOV. 

Torbldlty. 

Sediment. 

TOTAL  RUIDUB. 

LOSS  ox  lOMinOH. 

1 

as 

1 

• 

1 

• 

•s 
si 

«3 

• 

1 

1^ 

oo 

16802 
16076 
16054 
16163 
16241 
16323 
16421 
16601 
16768 
17001 
17101 
17411 
17644 
17850 
18082 
18184 

1896. 

Jan.   15 
Jan.  20 
Feb.   12 
Feb.  26 
Mar.  11 
Mar.  25 
Apr.  15 
May    13 
June  10 
Jaly   15 
Aag.  12 
Sept.    0 
Oct.    14 
Nov.  11 
Dec.     0 
Deo.  23 

Thick,  milky. 
Decided,  milky.' 
Decided,  milky. 
Thick. 
Decided. 
Decided. 
Thick. 

Thick,  milky. 
Decided,  milky. 
Thick. 
Thick. 

Decided,  heavy. 
Decided. 
Decided. 
Thick. 
Decided,  milky. 

Heavy,  white. 

Oona.,  floe. 

Oona. 

Oona. 

Oona. 

Oona. 

Heavy. 

Heavy. 

Heavy. 

Oona. 

Heavy,  white. 

Heavy. 

Heavy,  brown. 

Heavy. 

Heavy. 

Heavy. 

87.60 
18.20 
27.00 
20.60 
20.80 
46.00 
81.60 
41.80 
57.40 
84.00 
20.00 
60.60 
27.00 
80.00 
25.80 
53.80 

21.60 
14.00 
15.40 
22.60 
20.40 
82.20 
17.00 
23.00 
10.00 
22.80 
20.00 
20.20 
10.20 
20.60 
18.20 
28.60 

16.00 

4.20 

11.60 

7.00 

0.40 

18.80 

14.60 

18.80 

38.40 

11.80 

0.00 

80.40 

•    7.80 

0.40 

7.60 

25.20 

28.40 
0.40 
14.80 
17.80 
16.60 
81.40 
17.60 
24.00 
24.60 
10.00 
17.00 
30.20 
12.20 
17.00 
11.80 
88.60 

10.20 
6.20 
5.00 

18.00 
0.40 

18.40 
5.20 
0.00 
6.60 

10.00 
0.40 

12.80 
5.80 
8.80 
8.00 

16.00 

18.20 

8.20 

0.80 

4.80 

7.20 

18.00 

12.40 

15.00 

18.00 

0.00 

7.60 

26.40 

6.40 

8.20 

8.80 

22.60 

Av. . 

87.07 

21.44 

15.63 

21.04 

0.22 

11.82 

Chemical  Examination  of  Sewage  from  Gardner —  Concluded. 

[Parta  per  100,000.] 


AMMOirXA. 

1 

NrrROOBM  A8 

OXTOBM  COV8OM  BD. 

iBOir. 

• 

1 

ALBUMIVOtD. 

• 

1 

i 

1 

a 

• 

a 

• 

1 

9 

1 

g 

^ 

^ 

..2 

1 

Dis- 
solved. 

00 

1 

16802 

2.0800 

0.6240 

0.8460 

.1780 

2.70 

.0000 

.0160 

4.60 

2.71 

.0580 

.0600 

8.4 

15076 

2.5600 

0.3180 

0.1620 

.1560 

2.12 

.0180 

.0550 

2.07 

1.66 

.0860 
.0540 

.0800 

8.8 

16054 

8.5200 

0.6420 

0.8100 

.3320 

2.88 

.0060 

.0010 

8.04 

2.04 

.0200 

4.4 

16153 

2.2000 

0.5000 

0.4100 

.0000 

2.80 

.0550 

.0005 

4.77 

8.20 

.0440 

.0140 

4.8 

16241 

1.0840 

0.4040 

0.2220 

.1820 

2.86 

.0050 

.0170 

8.20 

1.72 

.0400 

.0200 

8.6 

16823 

2.0800 

1.8880 

1.0880 

.8500 

8.86 

.0850 

.0180 

3.47 

2.80 

.0660 

.0860 

6.0 

16421 

8.8400 

1.1020 

0.5160 

.5860 

2.08 

.0020 

.0000 

8.07 

2.28 

.0700 

.0280 

4.8 

16601 

8.0200 

0.7000 

0.4800 

.3600 

8.40 

.0030 

.0000 

8.76 

2.80 

.0760 

.0560 

8.4 

16768 

3.3280 

0.6520 

0.2880 

.3640 

2.78 

.0050 

.0000 

6.52 

2.52 

.0000 

.1800 

2.0 

17001 

5.1200 

0.5680 

0.2300 

.8380 

3.40 

.0000 

.0000 

4.50 

8.02 

.0780 

.0540 

8.8 

17101 

1.6800 

0.4600 

0.1800 

.2800 

2.40 

.0000 

.0000 

8.51 

1.87 

.1080 

.0660 

4.0 

17411 

1.0200 

0.5520 

0.2840 

.3180 

8.82 

.0050 

.0000 

3.07 

1.05 

.1700 

.0500 

4.0 

17644 

1.0200 

0.3620 

0.1620 

.2000 

2.85 

.0010 

.0000 

8.08 

2.18 

.1160 

.0520 

8.6 

17850 

1.4560 

0.6080 

0.8040 

.2040 

2.04 

.0800 

.0000 

4.02 

3.10 

.1000 

.0820 

8.T 

18082 

1.4400 

0.8720 

0.1740 

.1080 

2.80 

.0800 

.0060 

8.16 

1.88 

.8600 

.0460 

4.0 

18184 

1.0200 

0.6240 

0.4320 

.1020 

4.14 

.0700 

.0100 

7.28 

6.28 

.0800 

.0360 

4.7 

Av.. 

2.6780 

0.6225 

0.8818 

.2007 

8.02 

.0220 

.0055 

8.04 

2.48 

.1652 

.0406 

8.8 

Odor,  offenaive. The  aewage  waa  oolleoted  aa  It  flowed  npon  the  beda. 
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Chemical  Examination  of  Effluent  from  the  Main  Underdrain  of  the  Gardner 

Filter  Beds. 


[Parts 

per  100,000.] 

• 

a 

Appkaiavox. 

OOOB. 

4 

• 

Turbidity. 

Sediment. 

i 

Cold. 

1 
Hot. 

16808 

16077 

18066 

18164 
18242 
18324 
16422 
18802 
18780 
17008 

17102 

17412 
17846 

17861 
18088 
18186 

18»6. 

Jan.    16 

Jan.  20 

Feb.  12 

Feb.  28 
Mar.  11 
Mar.  26 
Apr.  16 
May   18 
June  10 
July  16 

Aug.  12 

Sept.   0 
Oct.    14 

Nov.  11 
Dec.    0 
Dec.  28 

Decided, 

mUky. 
Distinct, 

milky. 
Distinct, 

milky. 
Decided. 
Decided. 
Decided. 
Decided. 
Distinct. 
Distinct. 
Decided, 

milky. 
Decided, 

milky. 
Distinct. 
Srt,  mUky. 

Distinct. 
Distinct. 
Srt,  milky. 

Blight. 

Blight. 

BUght. 

Blight. 

SUght. 

Blight. 

Cons. 

Cons.,  rusty. 

Slight. 

Sl't,  rusty. 

Cons.,rusty. 

Cons. 
SUght. 

Cons. 

Slight. 

Slight. 

.80 

.80 

.40 

.60 
.60 
.40 
.30 
.70 
.40 
.30 

.66 

.27 
.08 

.17 

.18 
.10 

.34 

Offensive. 

Distinctly  musty  and 

disagreeable. 
Offensive. 

DistincUy  disagreeable. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Decidedly  disagreeable. 

Decidedly  disagreeable. 

Offensive. 

Offensive. 

Faintly  musty  and  un- 
pleasant. 
DUtinctiy  disagreeable. 
Decidedly  musty. 
Dlstlnctiy  mnsty. 

Offensive. 

Decidedly  musty  and 

disagreeable. 
Decidedly  musty  and 

disagreeable. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 

Decidedly  disagreeable . 
Decidedly  musty  and 

disagreeable. 
Offensive. 

Offensive. 

Decidedly  musty  and 

unpleasant. 
Decidedly  disagreeable. 
Decidedly  musty. 
Decidedly  musty. 

17.40 

17.20 

18.70 

16.80 
12.70 
18.30 
16.00 
20.60 
18.30 
20.00 

18.70 

24.10 
16.80 

16.40 
14.10 
17.00 

Av.. 

17.60 

Chemical  Examination  of  Effluent  from  the  Main  Underdrain  of  the  Gardner 

FiUer  Beds-^  Concluded. 

[ParU  per  100,000.] 


Ammovia. 

6 
1 

NiTROOBK  AS 

• 

• 
S 

i 

• 

o 

• 

• 

B 

4 

xi  B 

.S 

s 

c 

a 

o 

C 

Xi 

H 

V 

8 

^ 

c 

< 

u 

fe 

s 

O 

n 

16803 

0.8820 

.0020 

3.02 

.8860 

.1000 

.76 

8.6 

.0480 

16077 

1.3440 

.1160 

3.07 

.4000 

.1000 

.18 

4;4 

.0400 

18066 

1.1800 

.1120 

2.83 

.1800 

.0100 

.80 

2.0 

.0080 

18164 

1.6000 

.1200 

2.04 

.1000 

.0000 

.08 

2.6 

.1460 

18242 

1.6000 

.0740 

2.78 

.1200 

.0130 

.88 

2.8 

.1400 

18824 

0.6200 

.0840 

3.01 

.0000 

.0000 

.71 

4.3 

.1260 

18422 

1.1840 

.0840 

2.62 

.8000 

.0260 

.71 

4.0 

.1660 

18802 

1.0400 

.0000 

3.24 

.6300 

.0100 

.87 

4.4 

.4800 

18760 

0.8720 

.0760 

2.62 

.6100 

.0040 

.40 

6.8 

.2060 

17003 

0.8380 

.0800 

3.00 

.0000 

.0040 

.61 

4.8 

.1200 

17102 

0.4080 

.0000 

2.00 

.4600 

.0100 

.73 

3.2 

.3800 

17412 

0.8800 

.0680 

2.74 

.6600 

.0040 

.47 

6.0 

.4260 

17646 

0.2180 

.0180 

2.44 

.6600 

.0060 

.28 

4.3 

.0600 

17861 

0.3840 

.0340 

2.80 

.6260 

.0200 

.10 

3.6 

.1100 

18083 

0.4800 

.8440 

2.60 

.4000 

.0160 

.88 

3.2 

.0080 

18186 

0.0280 

.0380 

4.28 

.6260 

.0080 

.48 

4.7 

.0680 

Av.. 

0.7486 

.0767 

2.84 

.4620 

.0188 

.64 

4.0 

.1026 

The  samples  were  collected  from  the  main  underdrain  at  the  point  where  it  discharges  into  the  brook. 
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Chemical  Examinaiion  of  Water  from  Pond  Brook  above  the  Gardner  Filter  Beds. 

[ParU  per  100,000.] 


a 
o 


s 

•s 


17004 
17198 
17413 


At. 


1896. 

July  15 

AQg.12 
Sept.  9 


Appbabakok. 


s 

I 


«1 

a 

9 


o 


BB8IDI7K  OH 

EVAPOKA- 

TION. 


Distinot, 
milky. 

DiiUDCt» 
milky. 

SUght. 


Slight, 

niBty. 
SUght. 

Slight. 


.88 
.60 
.88 


.40 


§ 

o  ta 


24.66 
14.10 
17.86 


18.88 


AMMOirXA. 


ALBUMXXOtD. 


I 


a 


1 

B 


6.76 
8.10 
4.80 


4.66 


.0078 
.0066 
.0060 


.0068 


.0204 
.0194 
.0182 


.0108 


.0102 
.0182 
.0142 

.0172 


.0012 
.0012 
.0040 


.0021 


a 
o 


NiTBOOKM 
AS 


0.82 

2.84 
8.22 


S 


t 

9^ 


.0600 
.0800 
.0480 


4.18 


.0427 


.0076 
.0012 
.0028 


.0088 


I 

a 


I 
I 

O 


i 


.42 
.87 
.46 


.41 


11.7 
6.8 
6.6 

7.6 


Odor,  mmty  and  diaagreeable. The  eamplee  were  collected  from  the  brook,  above  the  point 

where  it  U  croeeed  by  the  main  eewer  leading  to  the  filter  beds. 

Chemical  Examination  of  Water  from  Pond  Brook  below  the  Gardner  Filter  Beds. 

[ParU  per  100,000.] 


I 


a 

I 


o 


17002 
17194 
17414 


At. 


1896. 

July  16 

Aug.l2 
Sept.  9 


Apfbabaxob. 


I 


«1 

a 


i 


Dletlnct, 
mUky. 

Distinct, 
milky. 

Blight. 


Slight, 

msty. 
SUght. 

SUght. 


.26 
.40 
.86 


.38 


RBSmCTB  OB 

Eyapoba- 

TION. 


o 
H 


•«3 

o 


«■ 

S 


21.86 
14.70 
17.70 


18.08 


0.70 
4.16 
6.40 


6.42 


Ammovia. 


ALBUMIBOID. 


i 

► 

1 


i 
is. 


00 


.0264 
.0224 
.0620 


.0224 
.0240 
.0200 


.03;'3  .0228 


.0210 
.0216 
.0160 


.0192 


.0014 
.0030 
.0060 


.0081 


6 


5.10 
2.80 
8.04 


3.06 


NITBOOBH 
AS 


.tooo 

.1760 
.2000 


.1017 


.0126 
.0100 
.0066 


.0118 


S 

s 

a 

s 

I 


.40 
.40 
.40 


.40 


7.6 
4.7 
6.6 


6.0 


Odor,  decidedly  musty  and  disagreeable. The  samples  were  collected  from  the  brook  below  the 

filter  beds  and  below  the  point  where  efflnent  from  the  filter  beds  enters  the  stream. 

Sewage  Disposal  at  Leicester. 

Works  for  disposing  of  the  sewage  of  the  central  village  of  the 
town  of  Leicester  were  constructed  in  1896  but  were  only  partially 
completed  at  the  end  of  the  year.  They  will  be  described  in  a  sub- 
sequent report. 

Sewage  Disposal  at  Marlborough. 

Additions  have  been  made  during  1896  to  the  works  for  purifying 
the  sewage  of  Marlborough,  and  the  total  area  of  filter  beds  and 
sludge  beds  in  use  at  the  end  of  the  year,  including  the  beds  con- 
structed during  the  year,  was  14.6  acres. 
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Chemieal  Examination  of  Sewage  frvm  MarVborough. 

[Part*  per  100,000.] 


1 
1 

1 

Appbabavob. 

Bbsidue  on  Evapobatiov. 

Torbldlty. 

Sediment. 

TOTAL  BBSIDDK. 

LOSS  ON  lOKITION. 

»: 

1 

• 

1 

s 

1 

1^ 

3 

• 

1 

s 

% 
si 

CO 

16806 
16082 
16066 
16168 

16247 
16332 
16431 

16680 
16776 
16006 

17201 
17428 
17662 
17864 
18066 
18100 

1896. 

Jan.   16 
Jan.   20 
Feb.  12 
Feb.  26 

Mar.  11 
Mar.  26 
April  16 

May   12 

Jnne  11 
July  14 

Ang.  14 
Sept.    0 
Oct.    \h 
Nov.  11 
Dec.  10 
Dec.  23 

Thick,  mUky. 
Distinct. 
Decided,  white. 
Decided,  milky 

and  floe. 
Decided. 
Decided. 
Decided,  milky 

and  floe. 
Distinct,  floe. 
Thick. 
Thick. 

Decided. 

Thick. 

Decided. 

Decided. 

Thick. 

Thick,  milky. 

Heavy,  grayish. 

Cons. 

Cons.,  whitish. 

Cons. 

Cons.,  whitish. 
Cons. 
Cons.,  gray. 

Cons. 

Very  heavy. 
Heavy,  light 

colored. 
Cons. 

Heavy,  dark. 
Heavy,  dark. 
Heavy. 
Heavy. 
Heavy,  light 

colored. 

48.60 
24.60 
81.20 
84.00 

26.20 
28.00 
33.60 

28.00 

100.60 

68.20 

20.60 
60.80 
38.80 
41.20 
82.20 
48.60 

84.40 
28.40 
28.20 
24.40 

20.40 
22.80 
23.60 

16.80 
42.40 
86.40 

17.20 
43.20 
26.60 
82.40 
24.60 
86.20 

0.20 
1.20 
8.00 
0.60 

6.80 

6.80 

10.00 

6.80 
67.20 
22.80 

8.40 

17.60 

12.20 

8.80 

7.60 

13.40 

22.60 
11.40 
14.10 
16.00 

12.20 
12.60 
14.00 

0.40 
67.40 
82.20 

6.20 
81.00 
16.40 
17.20 
11.60 
24.80 

18.80 

11.00 

6.20 

6.20 

0.40 
7.40 
6.60 

3.60 
16.60 
14.00 

3.80 
16.40 

7.00 
10.80 

7.40 
18.60 

8.80 
0.40 
7.00 
0.40 

2.80 
6.20 
7.40 

6.80 
61.80 
18.20 

1.40 
14.60 
8.40 
6.40 
4.20 
11.20 

Avt- 

48.41 

28.48 

14.03 

21.10 

0.61 

11.68 

Chemical  Examination  of  Sewage  from  Marlborough — Conoluded. 

[Parts  per  100,000.] 


AmcoifiA. 

6 

a 

i 
6 

NiTBOOBV  AS 

OXTGBN 
COMSUMBD. 

IBOV, 

1 

ALBUmHOtD. 

• 

1 

• 

1 

5 

• 

a 

1 

• 

i 

Si 

• 

a 

1 

Dis- 
solved. 

Sus- 
pended. 

• 

33 

16806 

3.0680 

.7120 

.8060 

.3160 

6.62 

.0000 

.0000 

4.60 

8.80 

.2100 

.1360 

6.0 

16082 

0.2480 

.0620 

.0860 

.0160 

2.88 

.3760 

.0280 

2.66 

0.78 

.0600 

.0360 

6.0 

16066 

1.3200 

.2740 

.1160 

.1580 

8.80 

.0000 

.0027 

2.43 

0.68 

.0800 

.0360 

7.6 

16168 

1.6000 

.4100 

.1700 

.2400 

4.33 

.0000 

.0000 

3.08 

1.80 

.0700 

.0360 

6.6 

16247 

1.0200 

.3240 

.1120 

.2120 

3.66 

.0430 

.1850 

2.63 

1.73 

.1040 

.0200 

6.0 

16332 

1.2000 

.3000 

.1380 

.2620 

4.17 

.0060 

.0000 

2.43 

1.68 

.0700 

.0400 

6.0 

16431 

1.6000 

.3080 

.1380 

.1700 

4.38 

.0050 

.0010 

2.78 

0.02 

.0800 

.0440 

6.7 

16580 

0.4800 

.1480 

.0660 

.0020 

3.00 

.0600 

.0000 

1.72 

0.07 

.0720 

.0660 

6.1 

16776 

5.7600 

.7320 

.3480 

.8840 

7.60 

.0030 

.0000 

7.06 

4.03 

.2060 

.0220 

8.2 

16005 

2.7200 

.7320 

.3180 

.4140 

7.20 

.0000 

.0000 

6.70 

3.60 

.1000 

.1100 

5.0 

17201 

0.4240 

.1500 

.0580 

.0020 

3.20 

.1000 

.0170 

1.41 

0.00 

.0600 

.0380 

7.1 

17423 

2.8800 

.6240 

.2880 

.3860 

7.18 

.0000 

.0000 

7.67 

3.22 

.1000 

.0000 

6.6 

17662 

1.5040 

.3540 

.1160 

.2380 

4.72 

.1100 

.0800 

2.61 

1.42 

.1440 

.0440 

8.0 

17854 

2.0800  ; 

.4720 

.2060 

.1760 

5.80 

.0050 

.0000 

3.02 

2.60 

.1060 

.0660 

7.4 

18066 

2.8000 

.4660 

.1600 

.3060 

4.60 

.0800 

.0200 

5.60 

1.00 

.1100 

.0200 

7.4 

18100 

2.6400 

.6060 

.3820 

.2240 

6.06 

.0030 

.0200 

8.00 

6.40 

.1640 

.0800 

7.8 

Av.. 

i 

2.1080 

1 

.4281 

.1078 

.2303 

6.06 

.0447 

.0263 

4.03 

2.23 

.1231 

.0660 

6.0 

Odor,  offensive. The  samples  were  collected  from  the  separating  tanks,  and  represent  the 

sewage  after  a  portion  of  the  suspended  matter  has  been  separated  from  it. 
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Chemical  Examination  of  Effluent  from  the  Underdraina  of  the  Marlborough 

FiUer  Beds. 

[Purto  per  100,000.] 


I 


1 
2 

8 

4 

5 
6 

7 

8 

0 

10 
11 
12 

18 

14 

16 

16 

17 

18 

10 

20 
21 

22 

28 

24 

26 

26 

27 

28 
20 

80 

81 

82 


16807 

16088 

16084 
16067 

16068 
16160 
16160 

16248 

16240 

16883 
16384 
16432 

16438 

16600 

16501 

16776 

16777 

16006 

16007 

17202 
17203 

17424 

17426 

17668 

17664 

17866 

17866 

18067 
18068 

18101 

18102 

Av. 


18»6. 

Jan.  16 

Jan.  20 

Jan.  20 
Feb.  12 

Feb.  12 
Feb.  26 
Feb.  26 

Mar.  11 

Mar.  11 

Mar.  26 
Mar.  26 

AprU16 

April  16 
May  12 
May   12 

Jane  11 

Jane  11 

July  14 

July  14 

Aug.  14 
Ang.  14 

Sept.   0 

Sept.   0 

Oct.   16 

Oct.    16 

Not.  11 

Nov.  n 

Deo.  10 
Deo.  10 

Deo.  23 

Deo.  23 


Afpbabahox. 


Turbidity. 


Sediment 


Diatinot, 

milky. 
Diatinot, 

milky. 
Slight. 
Diitinot, 

mUky. 
Very  alight. 
Slight,  floo. 
Sligh^ 

milky. 
Dietinot, 

milky. 
Diatinot. 

milky. 
Dietinot. 
Diatinot. 
Slight,  milky 
and  floo. 
SUght, 

milky. 
Slight, 

milky. 
Slight, 

milky. 
Deoided, 

milky. 
Dietinot, 

mUky. 
Diatinot. 

milky. 
Diatinot. 

milky. 
Deoided. 
Deoided, 

maty. 
Diatinot, 

floo. 
Dietinot, 

floo. 
Diatinot, 

floo. 
Slight, 

milky. 
Diatinot. 

Diatinot. 

Deoided. 
Slight. 

Dietinot, 

milky. 
Very  slight. 


Slight. 

BUght. 

SUght. 
Very  elighi. 

Very  elight. 

Slight. 

SUght. 

Slight. 

SUght,  maty. 

Oone. 

SUght. 

SUght, 

yellow. 
SUght. 

SUght. 

SUght. 

Heayyi 

SUght. 

SUght,  maty. 

SUght,  raety. 

Cone. 
Heavy, 

maty. 
Cone.,  maty. 

Cone.,  maty. 


maty. 


Heavy, 


raety. 
None. 

Cone. 

Cone. 

SUght. 
SUght. 

Very  eUght. 

Very  alight. 


.20 

.26 

.06 
.10 

.08 
.04 
.06 

.80 

.80 

.06 
.26 
.16 

.18 

.20 

.18 

.10 

.12 

.38 

.60 

.60 
.12 

.08 

.08 

.07 

.12 

.67 

.42 

.60 

.03 
.07 

.04 
.21 


Odos. 


Cold. 


Hot. 


Faintly  mnaty, 

Diatinotly  moaty. 

Diatinotly  mouldy. 
Faintly  moaty. 

Faintly  vegetable. 
Diatinotly  mooldy. 
Dietinetly  moety. 

Deoidedly  moaty  and 

diaagreeable. 
Deoidedly  moety  and 

diiagreeable. 
Deoidedlydiiagreeable. 
Decidedlydiaagreeable. 
Faintly  moaty. 

Diatinotly  moaty. 

Deoidedly  diaagreeable. 

Decidedlydiaagreeable. 

Decidedlydiaagreeable. 

Deoidedly  diaagreeable. 

Diatinotly  diaagreeable. 

Decidedlydiaagreeable. 

Offenaive. 

Deoidedly  diaagreeable. 

Decidedly  diaagreeable. 

Decidedlydiaagreeable. 

Diatinotly  diaagreeable. 

Diatinotly  moaty  and 

onpleaaant. 
Deoidedly  moaty  and 

diaagreeable. 
Diatinotly  moaty  and 

diaagreeable. 
None. 
Diatinotly  mooldy. 

Faintly  moaty. 

Diatinotly  mooldy. 


Decidedly  moaty  and 

dleagreeable. 
Decidedly  moaty. 

None. 
Decidedly  moaty. 

Diatinotly  moaty. 
Diatinotly  moaty. 
Fliintly  moaty. 

Decidedly  moetv  and 
verv  diaagreeable. 

Deddedly  moaty  and 
diaagreeable. 

Deoidedly  diaagreeable. 

Deoidedly  diaagreeable. 

Deoidedly  moaty. 

Deoidedly  moety  and 

diaagreeable. 
Deoidedly  diaagreeable. 

Decidedlydiaagreeable. 

Decidedly  diaagreeable. 

Decidedly  diaagreeable. 

Diatinotly  diaagreeable. 

Decidedly  diaagreeable. 

Offenaive. 

Decidedly  diaagreeable. 

Decidedly  moaty  and 

diaagreeable. 
Decidedly  moaty  and 

diaagreeable. 
Deoida41y  moaty  and 

diaagreeable. 
Diatinotly  moaty  and 

onpleaaant. 
Decidedly  diaagreeable. 

Diatinotly  diaagreeable. 

Diatinotly  moaty. 
Deoidedly  moaty  and 

diaagreeable. 
DeoidMly  moaty. 

Diatinotly  moaty  and 
diaagreeable. 
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Chemical  Examination  of  Effluent  from  the  Underdrains  of  the  Marlborough 

Filter  Beds — Concluded, 

[ParU  por  100,000.] 


Akmomia. 

S 

l^ITBOaiH  AS 

Oxygen 

Consmned 

n 

M 

1 

J 

|a 

• 

i 
5 

22.10 

0.4880 

.0210 

8.98 

0.4700 

.0030 

0.22 

7.6 

.0660 

1 

23.20 

0.8100 

.0820 

4.84 

0.8700 

.0100 

0.68 

6.0 

.0600 

2 

28.60 
22.60 

0.8600 
0.6120 

.0200 
.0230 

4.06 
8.40 

0.7000 
0.7400 

.0030 
.0004 

0.23 
0.30 

7.1 
7.8 

• 

.0070 
.0800 

8 

4 

21.40 
22.40 
24.60 

0.6000 
0.4800 
0.6600 

.0280 
.0260 
.0140 

8.42 
8.74 
4.12 

0.6600 
0.4200 
0.8200 

.0006 
.0080 
.0020 

0.28 
0.26 
0.18 

6.7 
6.0 
6.0 

.0070 
.0090 
.0820 

6 
6 
T 

21.00 

0.4880 

.0200 

8.60 

0.6000 

.0040 

0.31 

6.4 

.1260 

8 

21.40 

0.6600 

.0140 

8.64 

0.7000 

.0010 

0.26 

6.7 

.1180 

0 

19.70 
18.20 
26.10 

0.4880 
0.6860 
0.4200 

.0260 
.0200 
.0180 

8.60 
8.80 
8.44 

0.4800 
0.8700 
1.0600 

.0060 
.0080 
.0100 

0.26 
0.28 
0.27 

7.8 
6.8 

7.7 

.1400 
.0860 
.1100 

10 
11 
12 

26.80 

0.4880 

.0280 

4.01 

1.1600 

.OUO 

0.20 

8.4 

.0620 

18 

80.00 

0.4160 

.0820 

6.66 

0.7000 

.0020 

0.88 

7.4 

.0800 

14 

27.80 

0.3600 

.0400 

6.42 

0.9800 

.0060 

0.37 

0.9 

.0480 

16 

82.70 

1.0080 

.0420 

6.40 

0.9600 

.0070 

0.36 

9.7 

.2420 

16 

82.20 

0.9600 

.0600 

6.60 

0.9000 

.0260 

0.48 

9.0 

.0260 

17 

32.40 

0.6260 

.0640 

6.80 

0.9000 

.0070 

0.83 

8.6 

.1130 

18 

36.70 

0.7240 

.0400 

7.80 

1.0000 

.0180 

0.62 

8.2 

.2800 

19 

28.10 
28.00 

0.9600 
1.1360 

.1660 
.0700 

7.70 
7.06 

0.1600 
0.2600 

.0012 
.0176 

1.26 
0.92 

4.7 

6.0 

.6260 
.6360 

20 
21 

86.80 

0.2240 

.0860 

7.22 

0.6600 

.0160 

0.16 

7.6 

.2260 

22 

84.10 

0.7860 

.0460 

7.21 

0.4760 

.0090 

0.62 

6.9 

.4860 

23 

80.80 

0.0280 

.0220 

6.64 

0.8700 

.0070 

0.38 

7.8 

.4860 

24 

81.80 

0.6080 

.0180 

6.84 

1.0000 

.0020 

0.26 

7.7 

.0600 

26 

26.00 

0.4320 

.0400 

6.68 

0.6600 

.0260 

0.44 

8.9 

.2600 

26 

27.80 

0.4448 

.0244 

6.00 

0.6260 

.0250 

0.84 

8.3 

.2180 

27 

28.40 
22.00 

0.7200 
1.1600 

.0200 
.0260 

6.41 
6.60 

0.6000 
0.8760 

.0080 
.0090 

0.88 
0.28 

7.4 
6.6 

.8200 
.0040 

28 
20 

82.00 

0.2280 

.0312 

6.66 

0.9600 

.0110 

0.38 

8.6 

.0140 

30 

22.70 

0.4800 

.0268 

4.98 

0.2900 

.0100 

0.38 

6.4* 

.0120 

31 

27.96 

0.6286 

.0416 

6.64 

0.6886 

.0096 

0.40 

7.4 

.1787 

82 
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Chemical  Examination  of  Water  fram  the  Brook  into  which  the  Effluent  from  the 

Marlborough  Sewage  Filter  Beds  is  discharged, 

[ParU  per  100,000.] 


^6 


10008 
17204 
17426 


18»6. 

Jaly  14 

Aug.  14 
Sept.   9 


Av. 


Appbabaxob. 


Tnrbldity. 


Sediment. 


Diatlnct. 

Slight. 

SUght. 


Oons., 

dark  brown. 
Cone.,  dark. 

SUght. 


.20 
.20 
.11 


.17 


Odob. 


Cold. 


Hot 


DieUnotly 

muety. 
Dlstinotly 

muety. 
Diatlnotly 

muety. 


Dletioetiy 

muety. 
Decidedly 

muety. 
DietinoUy 

muety. 


RaeiouB  ov 

BVAPOBATIOV. 


28.40 
28.45 
27.76 


26.87 


6.70 
4.66 

7.60 


626 


Chemical  Examination  of  Water  from  the  Brook  into  which  the  Effluent  from  the 
Marlborough  Sewage  Filter  Beds  is  discharged — Concluded. 

[ParU  per  100,000.] 


& 


Ammobia. 


▲LBUMIKOtD. 


1 


t 


i 

a 

to 


18998 
17204 
17428 


At.. 


.4000 
.6200 
.8840 


.4687 


.0420 

.0280 

.0480 

.0260 

.0800 

.0800 

.0898 

.0278 

.0160 
.0200 
.0000 


.0120 


6 


6.60 
6.82 
6.24 


6.66 


NiTBOOBV  Ae 


I 


.8000 
.4760 
.5260 


.6888 


i 
% 


.0190 
.0226 
.0176 


.0197 


7 


I 


6 


.88 
.40 
.22 


.88 


i 


6.6 
6.6 
5.9 


6.0 


The  eamplee  were  collected  from  the  brook  at  the  road  oroaaiog  below  the  filter  bede  and  below 
where  the  effluent  from  the  filter  bede  entere  the  etream. 
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Sewage  Disposal  at  Medfield. 

ChemiccU  Examination  of  Sewage  from  Medfield, 

[ParU  per  100,000.] 


16894 
10284 
10008 
17000 
17488 
17842 


Av. 


Jan.  15 
M«r.  U 
May   18 

Jaly  16 
Sept.  12 
Nov.  11 


Affsabakos. 


Turbidity. 


Opaque,  black. 
Dedded,  black. 
Thick,  dark. 
Dark. 
TUck. 
Decided. 


Sediment. 


Heavy,  black. 
Oona.,  black. 
Heavy,  dark. 
Oona.,  black. 
Heavy,  dark. 
Heavy. 


RB8IDDB  OH  EVAPOBATIOII. 


TOTAL  KBSIDUB. 


78.20 
106.60 
46.80 
48.40 
42.20 
74.80 


80.17 


I 

s 


62.40 
177.40 
36.60 
86.60 
82.00 
66.00 


68.00 


I 


16.80 
18.20 
11.20 

7.80 
10.20 

0.80 


12.17 


LOSS  ov  lomnoir. 

• 

1 

i 

- 

► 

"O 

1 

a8 

si 

^ 

S 

« 

44.40 
84.80 
26.00 
16.20 
22.00 
48.80 


40.20 


82.20 
70.00 
16.60 
9.00 
18.20 
40.60 


80.27 


12.20 
14.80 
9.40 
6.20 
8.80 
8.20 


9.98 


Chemical  Examination  of  Sewage  from  Medfield — Concluded. 

[ParU  per  100,000.] 


16894 
16284 
16603 
17006 
17453 
17842 


Av.. 


Ammonia. 


ALBUMIIIOID. 


t 


1.9200 
2.1200 
2.6400 
1.6000 
2.0000 
1.4400 


1.0538 


1.8300 
2.8000 
1.2800 
0.4100 
0.2820 
1.0920 


1.2833 


1.4400 
2.1800 
1.0600 
0.2260 
0.1440 
0.9680 


0.0930 


So. 

00 


.8900 
.6700 
.2800 
.1900 
.1380 
.1240 


.2903 


2 


3.00 
17.20 

8.02 
11.00 

8.60 

4.04 


7.13 


l^ITBOOBir  AS 

1 

1 

.0000 

.0050 
.0000 
.0040 
.0070 


.0032 


.0000 

.0000 
.0000 
.0000 
.0000 


.0000 


Oxxaiv 

OOMSDMXD. 


a 


18.82 

60.84 

6.01 

4.16 

5.38 

10.60 


16.73 


S3 


8.79 
89.00 
8.67 
2.86 
8.70 
8.49 


11.08 


laov. 


.1760 
.1100 
.1800 
.0780 
.1240 
.1100 


.1213 


.1400 
.0800 
.0600 
.0600 
.0640 
.0900 


.0823 


8 


5.1 
18.9 
6.3 
4.2 
5.6 
8.9 


6.8 


Odor,  offensive.— The  samples  were  collected  as  the  sewage  flowed  upon  the  filter  beds. 
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Chemical  Examination  of  Water  from  a  Spring  below  the  Filtration  Area  of  the 

Medfield  Sewerage  System, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appbabahob. 

Odob. 

Residue  on 
Evaporation. 

i 
1 

Turbidity. 

Sedbaaent 

i 

Cold. 

Hot 

16806 
10286 
16004 
17007 
17464 
17843 

1896. 

Jan.    16 

Mar.    11 
May     13 

July    16 
Sept.  12 
Nov.    11 

y.  slight, 
y.  slight, 
y.  slight. 
Distinct. 
Distinct. 
Distinct. 

y.  slight, 
y.  slight, 
y.  slight. 

Cons., 

rusty. 
Cons., 

rusty. 
Cons. 

.06 
.04 
.20 
.00 
.20 
.18 

.26 

None. 
None. 

Faintly  musty. 
Distinctly  mouldy. 
Distinctly  musty. 
Faintly  disagreeable. 

Faintly  earthy. 
Faintly  earthy. 
Distinctly  musty. 
Distinctly  vegetable. 
Faintly  musty. 
Distinctly  disagreeable. 

6.60 

6.20 

'4.40 

10.80 

16.60 

10.80 

Ay.» 

8.78 

1 

Chemical  Examination  of  Water  from  a  Spring  below  the  Filtration  Area  of  the 

Medfield  Sewerage  System — Concluded. 

[Parta  per  100,000.] 


Ammokia. 

• 

1 

6 

KrrBOOBir  as 

Oxygen 

Consumed. 

i 

1 

3 

1 

Albu- 
minoid. 

• 

1 

1 

^* 

16806 

.0082 

.0060 

0.63 

.1100 

.0006 

.11 

1.7 

.0080 

10286 

.0008 

.0064 

0.66 

.1700 

.0000 

.11 

2.0 

.0020 

10604 

.0000 

.0088 

0.46 

.0160 

.0000 

.10 

1.7 

.0220 

17007 

.0018 

.0286 

0.66 

.0600 

.0001 

.88 

8.8 

.1060 

17464 

.0088 

.0162 

1.18 

.0680 

.0040 

.67 

6.6 

.0780 

17848 

.0082 

.0216 

0.81 

.1200 

.0000 

.68 

4.7 

.0660 

At.. 

.0080 

.0144 

0.68 

.0872 

.0008 

.41 

3.2 

.0460 

The  samples  were  collected  from  the  spring  which  Is  located  north  of  the  filter  beds  and  a  little  over 
260  feet  from  the  edge  of  the  nearest  bed.  The  ground  where  the  filter  beds  are  located  slopea  In  the 
direction  of  this  spring. 
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Sewage  Disposal  at  Natiok.  ,  ^ 

Population  in  1895,  8,814.  A  system  of  sewerage  and  oi  sewage 
disposal  w|is  put  in  operation  in  the  latter  part  of  1896  for  collecting 
and  disposing  of  the  sewage  of  the  town  of  Natick. 

The  sewage  is  collected  on  the  westerly  side  ot  the  thickly  settled 
portion  of  the  town  and  conveyed  to  a  pumping  station  near  the 
south-westerly  end  of  Lake  Cochituate,  from  which  it  is  pumped  to 
a  sewage-disposal  area  located  near  the  Worcester  turnpike  and  on 
the  opposite  side  from  the  area  used  by  the  town  of  Framingham. 
The  filtration  area  contains  nearly  100  acres,  three-quarters  of  which 
can  apparently  be  utilized  for  filtration  purposes.  About  three  acres 
of  filter  beds  were  prepared  for  use  in  the  beginning  with  under- 
drains  discharging  into  Bannister  Brook,  just  above  the  Framingham 
filtration  area. 

A  further  description  of  these  works,  together  with  analyses  of  the 
sewage  and  effluent,  will  be  given  in  a  subsequent  report. 
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FOOD  AND  DRUG  INSPECTION. 


The  operations  of  the  Board  under  the  provisions  of  the  food  and 
drug  acts  for  the  year  ending  Sept.  30,  1896,  are  detailed  in  the  fol- 
lowing report. 

The  following  persons  comprised  the  force  employed  by  the  Board 
during  the  year :  — 

Dr.  Charles  P.  Worcester, Analyst 

Prof.  Charles  A.  Goessmann, Analyst, 

Mr.  Albert  £.  Leach, Assistant  Analyst, 

John  H.  Terry, Inspector, 

John  F.  McCaffrey, Inspector, 

Horace  F.  Davis, Inspector, 

Thomas  O.  Allen, Inspector, 

The  whole  number  of  samples  of  food  and  drugs  (including  milk) 
examined  during  the  year  was  8,357,  or  1,048  more  than  the  number 
examined  in  the  year  ending  Sept.  30,  1895,  and  2,453  more  than 
the  average  annual  number  examined  in  the  ten  years  from  Sept. 
30,  1885,  to  Sept.  30,  1895. 

The  whole  number  examined  since  the  beginning  of  operations  in 
this  department  in  1883  was  76,113. 

The  following  summary  embraces  the  work  done  during  the 
year :  — 

Number  of  samples  of  milk  examined, 4,484 

Number  of  samples  above  standard, 2,904 

Number  of  samples  below  standard, 1,580 

Percentage  of  adulteration  or  deficiency, 35.2 

Number  of  samples  of  other  kinds  of  food  (not  milk),  .        .        .  3,368 

Number  of  samples  above  standard, 2,978 

Number  of  samples  below  standard, 890 

Percentage  of  adulteration,      .    * 11.6 

Number  of  samples  of  drugs  examined, 505 

Number  of  samples  of  good  quality, 251 

Number  of  samples  adulterated,  as  defined  by  the  statutes,  .        .  254 

Percentage  of  adulteration, 50.3 

Total  number  of  samples  of  food  and  drugs  examined,          .        .  8,357 

Total  number  found  to  be  of  good  quality, 6,133 

Total  number  not  conforming  to  the  statutes,         ....  2,224 

Percentage  of  adulteration,      .        .        .       ' 26.6 
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Attention  has  already  been  called,  in  previous  reports,  to  the  fact 
that  the  percentages  given  in  the  foregoing  summary  do  not  repre- 
sent, in  any  degree,  the  actual  ratio  of  adulteration  existing  in  food 
products  and  in  drugs,  for  several  reasons :  chiefly  on  account  of 
the  fact  that  the  experience  of  the  Board  enables  it,  first,  to  exercise 
a  careful  selection  of  such  articles,  mainly,  as  are  liable  to  adultera- 
tion ;  secondly,  to  obtain  such  articles  in  those  seasons  of  the  year 
when  their  adulteration  is  most  common  ;  and  third,  to  pay  special 
attention  to  new  forms  of  adulteration  which  are  constantly  appear- 
ing as  fast  as  the  fraud  and  ingenuity  of  the  professional  adulterator 
present  them  to  the  public. 

Legislation  also  has  a  marked  effect  upon  the  figures  which  repre- 
sent the  conditions  of  the  food  supply  as  found  upon  analysis.  For 
example,  a  standard  of  milk  was  established  by  a  statute  of  1880, 
requiring  that  milk  should  be  deemed  to  be  not  of  good  standard 
quality  if  not  possessing  13  per  cent,  of  total  solids ;  but  this  law 
was  amended  in  1886  by  a  provision  that  the  standard  of  quality 
during  two  months  of  the  year  (May  and  June)  might  be  12  per 
cent,  of  solids.  In  1896  the  law  was  further  amended  by  providing 
that  the  number  of  months  in  which  the  standard  should  be  12  per 
cent,  should  be  increased  to  five  (April,  May,  June,  July  and  Au- 
gust). Now,  since  the  number  of  samples  of  milk  ranging  from  12 
to  13  per  cent,  of  solids  invariably  constitutes  a  large  percentage  of 
the  whole  number  collected,  the  percentage  of  samples  found  to  be 
below  the  legal  standard  would  necessarily  be  materially  diminished 
by  such  legislation,  while  the  actual  quality,  as  determined  by  analy- 
sis, might.not  be  changed.  This  statement  is  corroborated  by  that 
of  the  principal  analyst,  to  be  found  on  a  later  page.  During  the 
years  1893,  1894  and  1895  the  usual  collections  of  milk  submitted  to 
examination  showed  a  ratio  of  about  49  per  cent,  below  the  legal 
standard,  while  those  of  the  past  year,  under  the  amended  statute, 
gave  only  35.2  per  cent,  below  the  standard. 

The  following  tables  present  a  summary  of  the  work  done  during 
the  entire  period  from  the  beginning  of  operations  under  the  food 
and  drug  acts  in  1883  to  the  close  of  the  year  ending  Sept.  30, 
1896:  — 
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From  the  foregoing  tables  it  appears  that  76,113  samples- of  food 
and  drugs  have  been  collected  by  the  inspectors  of  the  Board  and 
submitted  to  the  analysts  for  examination  during  the  fourteen  years 
in  which  the  statutes  providing  for  this  work  have  been  in  opera- 
tion. The  total  cost  of  the  work  has  been  $127,448.24.  Enough 
has  already  been  said  in  previous  reports  to  show  that  many  times 
this  sum  have  undoubtedly  been  saved  to  the  consumers  throughout 
the  State. 

The  cost  of  collection  and  analysis  per  sample  has  also  been  re- 
duced nearly  one-half.  This  expense  in  1883  amounted  to  $2.26 
per  sample,  but  this  amount  has  been  reduced  to  $1.23  in  1896,  a 
sum  much  less  than  that  of  any  preceding  year.  .  Part  of  this  saving 
is  due  to  the  concentration  of  the  greater  part  of  the  work  of  analy- 
sis under  one  head  at  the  State  House  laboratory. 

By  a  requirement  of  the  statute  the  greater  part  of  the  appropri- 
ation for  the  work  of  this  department  is  expended  in  the  inspection 
of  milk  and  milk  products  and  the  enforcement  of  the  laws  relating 
to  these  valuable  articles  of  food.  Hence  the  greater  portion  of  the 
samples  collected  are  of  this  character. 

In  the  last  annual  report  the  results  of  a  single  street  collection 
of  milk  taken  from  milk  wagons  in  one  city  were  published,  the 
average  solids  of  20  samples  being  12.98. 

Attention  is  called  to  the  statement  of  the  analyst  relative  to  the 
change  of  standard  and  its  effect  upon  the  ratio  of  apparent  adul- 
teration, and  the  method  of  detection  of  formalin.  A  further  table 
of  analyses  of  condensed  milk  is  also  presented,  in  addition  to  those 
which  were  published  last  year.  Analyses  of  eight  samples  of 
evaporated  cream,  of  six  different  brands,  are  also  presented,  in 
which  it  is  shown,  as  well  as  in  the  case  of  some  of  the  brands  of 
condensed  milk,  that  the  cream  has  been  largely  removed,  thus  de- 
priving them  of  an  important  ingredient  of  high  value  as  a  nutrient. 

The  following  table  presents  the  results  of  analysis  of  the  milk  of 
20  animals,  all  of  which  were  of  one  herd  of  Holstein  cows,  which 
had  the  reputation  of  being  an  unusually  good  herd  of  cattle  :  — 
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Drugs. 

The  principal  drugs  found  adulterated  or  below  the  standard  were 
ether,  alcohol,  ammonia  water  and  chlorine  water,  distilled  water 
(in  this  article  the  solids  varied  from  0  to  73  per  100,000  parts), 
calx  chlorata,  extracts  of  liquorice  and  nux  vomica,  powdered  opium, 
compound  spirits  of  ether,  spirits  of  nitrous  ether,  whiskey,  tincture 
of  iodine,  syrup,  tincture  of  opium,  mercurial  ointment,  white 
and  red  wine. 

Notices. 

The  following  lists  present  the  names  of  the  cities  and  towns  to 
which  notices  were  issued  relating  to  the  adulteration  of  different 
kinds  of  food  and  drugs  :  — 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Milk, 


Beverly, 2 

Boston : 

Allston, 2 

Charlestown,       ....  2 

East  Boston,         ....  3 

Roxbury, 1 

Brockton, 3 

Brookline, 5 

Cambridge, 13 

Canton, 2 

Chelsea, 15 

Dedham, 2 

Everett, 6 

Fall  River, 6 

Fitchburg, 3 

Gloucester, 4 

Hull 1 

Lexington, 1 

Maiden, 10 

Marblehead, 2 

Marlborough, 8 

Medford 10 

Melrose, 3 


Milford, 1 

Natick,     .• 1 

New  Bedford,         ....  1 

Newburyport,         ....  1 

Newton, 6 

Quiney,    .        .        .        .        .        .1 

Revere, 4 

Rockland, 1 

Somerville, 14 

Springfield, 6 

Sterling, 1 

Stoneham, 1 

Stoughton, 3 

Waltham, 4 

Watertown, 3 

Westford 1 

Winchester, 2 

Winthrop, 1 

Wobuni, 1 

Worcester, 4 

Total, 156 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles 

of  Food  other  than  Milk. 


Boston : 

Lowell, 1 

Allston, 2 

Maiden,  .        .  . 

1 

Boston, 

21 

Nantasket, 

1 

Charlestown, 

2 

Nantucket, 

1 

Dorchester,  , 

1 

New  Bedford, 

,\  • 

.      3 

East  Boston, 

1 

Pittsfield, 

2 

Mattapan,    . 
South  Boston, 

1 
1 

Provincetown, 
Salem,     . 

3 
3 

West  Roxbu 
Cambridge, 
Chelsea,  . 
Chicopee, 
Cottage  City,  . 
Everett,  . 

i^. 

1 
6 
2 
2 
1 
1 

Somerville, 

South  Framingham 

Springfield,     . 

Waltham, 

Watertown,     . 

Webster, 

3 
1 
7 
1 
1 
9 

Fall  River, 

.      3 

Westfield, 

4 

Gardner, . 

1 

Woburn, . 

1 

Gloucester, 

2 

Worcester, 

.      8 

Haverhill, 

1 

— 

Holyoke, . 

2 

Total, 95 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  AduUercUed  Drugs, 


Boston : 

Allston, 2 

Boston, 7 

Brockton, 2 

Brookline,        .        .        .        .        .  1 

Cambridge, 1 

Chelsea, 1 

Chicopee, 1 

Clinton, 2 

Greenfield, 1 


Lowell,    . 

Nantasket, 

New  Bedford, 

Northampton, 

Somerville, 

Stoughton, 

Taunton, 

Worcester, 

Total, 


1 
1 
3 
2 
2 
1 
1 
2 

31 


Prosecutions. 

Id  the  reports  of  the  last  four  years  a  condensed  summary  was 
presented,  showing  the  number  of  prosecutions  conducted  in  each 
year  since  the  beginning  of  work  under  the  food  and  drugs  acts. 
The  following  table  presents  the  same  figures,  with  the  addition  of 
those  for  the  year  ending  Sept.  30,  1896  :  — 
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Number  of  Complaints  entered  in  Court 

• 

Food 

TiAB. 

(not  Incladlng 
Milk). 

Drags. 

Milk. 

ToUL 

CoDTictioni. 

Flnet 
Imposed. 

1883, 

6 

4 

9 

8 

1884, 

2 

1 

45 

48 

44 

—J 

1885,» 

60 

1 

68 

119 

103 

— + 

1886,t 

10 

-. 

10 

20 

19 

-J 

1887, 

30 

^ 

34 

64 

60 

-t 

1888, 

22 

m. 

43 

65 

61 

•2,042  00 

1889, 

74 

m. 

66 

140 

124 

3,889  00 

1890, 

78 

_ 

24 

102 

96 

3,919  00 

1891, 

96 

5 

49 

150 

185 

2,668  00 

1892, 

52 

12 

72 

136 

123 

3,661  70 

1893, 

26 

3 

67 

96 

92 

2,476  00 

1894, 

14 

. 

76 

90 

77 

2,625  00 

1896, 

13 

11 

68 

92 

86 

2,895  80 

1896, 

7 

- 

68 

75 

74 

2,812  20 

Total 

8,        , 

• 

474 

38 

694 

1,206 

1,102 

126,988  20 

•  To  May  1, 1886. 


t  Four  months  only. 


X  No  record  kept. 


Ratio  of  convictions  to  complaints,  91.4  per  cent. 

Note.  —  All  complaints  entered  before  May  1, 1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 

Tlie  following  report  was  presented  to  the  Legislature  in  January, 
1897,  in  compliance  with  the  provisions  of  the  statutes :  — 


Office  of  the  State  Board  of  Health, 

State  House,  Boston,  Jan.  1,  1897. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  Commonwealth  of 

Massachusetts  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  ^^  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  provi- 
sions thereof.** 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  30,  1896,  was  75. 
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The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials,  and  their  results,  are  presented  in  the  following  table  :  — 


Milk  and  Milk  Products. 


For  Fraudulent  Sales  of  MUk, 

PI.ACS.                                                          Datb.                                                   Bbsult. 

In  Chelsea,  ....        Nov.     29, 1895,        .        .        .    Convicted. 

Chelsea, . 

• 

May     22, 1896, 

. 

(( 

Chelsea, . 

• 

July       9, 1896, 

. 

(t 

Chelsea, . 

• 

Sept.      9, 1896, 

. 

Discharged 

Somerville,     . 

• 

Dec.       3, 1895, 

. 

Convicted. 

Somerville,     . 

• 

Dec.       3, 1895, 

. 

u 

Somerville,     . 

• 

Sept.     18,  1896, 

. 

(( 

Somerville,     . 

• 

Sept.     18, 1896, 

. 

ii 

Salem,     . 

• 

Aug.     11,  1896, 

. 

(( 

Salem,     . 

• 

Aug.     11, 1896, 

. 

t( 

Salem,     . 

• 

Aug.     11, 1896, 

• 

it 

Fall  River,      . 

• 

Nov.     20, 1895, 

. 

t( 

Fall  River,      . 

• 

July      15, 1896, 

. 

C( 

Worcester, 

• 

June     24, 1896, 

( 

• 

«i 

Cambridge,     , 

• 

May        9,  1896, 

. 

it 

Cambridge,     , 

• 

May       9,  1896, 

t        1 

»        1 

ti 

Springfield,     . 

• 

Dec.      26, 1895, 

« 

it 

Fitchburg, 

• 

Jan.      28, 1896, 

• 

it 

Wobum, . 

t                « 

Dec.      26, 1895, 

1 

i( 

Woburn,. 

• 

Dec.      26,  1895, 

< 

ii 

Newton, . 

• 

Nov.      14,  1895, 

1 

ii 

Beverly, . 

1 

Dec.       9, 1895, 

>        1 

u 

Brook  line. 

»               1 

April    11,1896, 

» 

t( 

Boylston, 

1 

Oct.        1, 1895, 

•        < 

ti 

Boylston, 

K 

Oct.         1, 1895, 

» 

Ci 

Westborough, 

1 

Oct.      25, 1895, 

• 

ti 

Westborough, 

Oct.       25,  1895, 

• 

it 

Westborough, 

July     13, 1896, 

• 

ii 

Northborough, 

» 

Oct.       25,  1895, 

. 

ti 

Northborough, 

July     13, 1896, 

. 

ii 

Athol, 

1 

Oct.        7,  1895, 

. 

t( 

Royalston, 

t 

Oct.        7, 1895, 

• 

ti 

Stoneham, 

• 

Oct.       26,  1895, 

. 

ti 

Watertown, 

• 

Dec.      10, 1895, 

. 

ii 

Watertown, 

• 

April    24,1896, 

. 

ti 

Agawam, 

• 

Dec.      26, 1895, 

. 

ti 

Reading, 

• 

March  31, 1896, 

. 

ti 

Reading, 

• 

March  31, 1896, 

• 

ti 

Reading, 

• 

March  31,  1896, 

. 

ii 

Reading, 

• 

April    10, 1896,  . 

. 

ti 
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For  Fraudulent  Sales 

of  Milk-- 

Concludec 

I. 

Plaoi.                                                          Datb.                                                   Bksult. 

1  Reading,         .        .        .        July     28, 1896,        .        .        .    Convicted. 

Reading, 

July     28, 

, 1896, 

(( 

Peabody, 

April    29, 

, 1896, 

(i 

Westfield, 

April    21, 

,  1896, 

ii 

Milford,  . 

April    28 

,  1896, 

t( 

Arlington, 

• 

May       2 

,  1896, 

i( 

Arlington, 

May       2, 

,  1896, 

It 

Natick,    . 

June     — 

,  1896, 

C( 

Wakefield,      . 

June     13, 

, 1896, 

M 

Topsfield, 

Aug.     11, 

1896, 

ti 

Topsfield, 

Aug.     11, 

1896, 

(( 

Stoughton, 

Aug.     28, 

, 1896, 

it 

Sturbridge,     , 

Aug.     12, 

, 1896, 

ii 

Sudbury, 

Aug.     13, 

1896, 

li 

Sudbury, 

Aug.     13, 

1896, 

11 

Hardwick, 

Aug.     14, 

, 1896, 

ti 

Hardwick, 

Aug.     14, 

,  1896, 

it 

Marblehead,   . 

Sept.      8, 

,  1896, 

tt 

Marblehead, 

Sept.      8, 

,  1896, 

ti 

Marblehead, 

Sept.      8, 

,  1896, 

it 

Marblehead, 

Sept.      8, 

,  1896, 

ti 

Walpole, 

Sept.     17, 

,  1896, 

it 

Dover,     . 

Sept.     18, 

,  1896, 

tt 

Dover,     . 

Sept.     18, 

,  1896, 

it 

Brookfield, 

Sept.     22, 

,  1896, 

it 

Brook  field. 

Sept.     22, 

,  1896, 

tt 

Dracut,    . 

Feb.      28, 

,  1896, 

tt 

Tewksbury,    . 

March  24, 1896, 

(« 

Total, 

1               •                 • 

•                • 

1 

I             .             . 

68 


For  Fraudulent  Sale  of  Other  Articles  op  Food. 

Afaple  Sugar, 


In  Boston,    . 

April    23,1896, 

.    Convicted. 

Boston,   .        • 

April    30,1896, 

Salem,     . 

May       1, 1896, 

tt 

Roxbury, 

May     11,1896, 
Maple  Syrup. 

tt 
■             . 

In  Fitchburg, 

April    30,1896, 
]llol(i89es. 

.    Convicted. 

In  North  Adams, 

Sept.     28, 1896, 
Cream  of  Tartar. 

.    Convicted. 

In  North  Adams, 

Sept.     28, 1896, 

.    Convicted. 

Total,    . 
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Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  the  inspection  of  milk 

and  milk  products, 68 

Other  articles  of  food, 7 

Total, 76 

Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of 
Health  during  the  year  ending  Sept.  30,  1896,  in  the  courts  of  the 
Commonwealth,  against  parties  for  violation  of  the  statutes  relating 
to  food  and  drug  inspection,  was  75. 

In  74,  or  98.7  per  cent.,  of  these  the  parties  were  convicted. 
One  was  discharged  in  the  municipal  court. 

Of  the  whole  number,  68  were  for  violation  of  the  laws  relating 
to  milk  adulteration,  and  of  this  number  67  resulted  in  conviction. 
The  greater  number  of  these  was  for  violation  of  the  statute  pro- 
viding that  milk  offered  for  sale  shall  be  of  good  standard  quality. 

In  10  of  the  foregoing  cases  the  complaints  were  for  sales  of 
milk  containing  coloring  matter. 

The  attention  of  the  Legislature  is  again  respectfully  called  to  the 
provisions  of  chapter  425  of  the  Acts  of  1894,  which  debars  any 
private  citizen  from  maintaining  an  action  against  a  producer  for 
selling  adulterated  milk. 

Attention  is  also  respectfully  called  to  the  provisions  of  section 
23  of  chapter  397  of  the  Acts  of  1896,  by  which  the  people  are 
now  deprived  of  any  legal  protection  against  the  harmful  action  of 
poisonous  patent  medicines. 

All  of  the  7  parties  against  whom  complaints  were  entered  for 
fraudulent  sales  of  other  kinds  of  food  were  convicted. 

The  articles  of  food  with  reference  to  which  these  complaints 
were  made  were  as  follows :  — 

Maple  sugar,  4  cases ;  maple  syrup,  1  case ;  molasses,  1  case ; 
cream  of  tartar,  1  case. 

The  following  statute,  as  amended  in  1896  (chapter  398),  pre- 
sents the  standard  of  milk  in  Massachusetts  at  the  date  of  publish- 
ing this  report :  — 

[Chaptrb  398,  Sbotion  2,  Acts  of  1896.] 

In  all  prosecutions  under  this  chapter,  if  the  milk  is  shown  upon  analysis 
to  contain  less  than  thirteen  per  cent,  of  milk  solids,  or  to  contain  less 
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than  nine  and  three-tenths  per  cent,  of  milk  solids,  exclusive  of  fat,  or  to 
contain  less  than  three  and  seven-tenths  per  cent,  of  fat,  it  shall  be  deemed, 
for  the  purposes  of  this  act,  to  be  not  of  good  standard  quality,  except 
during  the  months  of  April,  May,  June,  July  and  August,  when  milk  con- 
taining less  than  twelve  per  .cent,  of  milk  solids,  or  less  than  nine  per  cent, 
of  milk  solids  exclusive  of  fat,  or  less  than  three  per  cent,  of  fat,  shall  be 
deemed  to  be  not  of  good  standard  quality. 

The  followiDg  list  presents  the  total  solids  in  each  of  the  samples 
of  milk  upon  which  complaints  were  founded,  so  far  as  records  of 
the  same  were  kept :  — 


7.09 

10.00 

10.62 

11.04 

11.30 

7.13 

10.20 

10.66 

11.06 

11.30 

8.69 

10.20 

10.67 

11.10 

11.39 

8.75 

10.24 

10.62 

11.11 

11.42 

9.20 

10.24 

10.64 

11.14 

11.44 

9.26 

10.84 

10.66 

11.16 

11.60 

9.32 

10.38 

10.77 

11.18 

11.64 

9.71 

10.40 

10.79 

11.19 

11.76 

9.80 

10.42 

10.86 

11.26 

11.78 

9.81 

10.42 

10.90 

11.26 

12.60 

9.84 

10.43 

10.96 

11.28 

12.62 

9.92 

10.49 

The  total  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  as  follows :  — 

Milk, 4,484 

Other  articles  of  food, 3,868 

Drugs, 486 

Total, 8,338 

Total  expenses  of  collection,  examination  and  prosecution,      .        .       110,921  61 
Average  expense  i>er  sample  collected, 1  31 

Fines. 

The  amount  of  fines  paid  into  the  treasuries  of  counties,  cities  and 
towns  under  the  provisions  of  the  general  and  special  laws  relative 
to  the  inspection  of  food  and  drugs  was  as  follows :  — 

Fines  paid  for  Violation  of  the  Food  and  Drug  Acts^  upon  Cases  entered  for 

the  Year  ending  8epL  30,  1896. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk  products,        |2,742  20 
Under  the  provisions  of  the  laws  relating  to  other  articles  of  food, .  70  00 

Total 12312  20 
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Expenditures. 

Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Tear  ending  Sept, 

30, 1896. 


For  the  Enfokcbiiriit  of  the  Statctu 

BELATIMO  TO  FOOD  AND  DBUO 

Inspection. 


Relatlre  to  Milk 
and  Milk  ProducU. 


BelftUve  to  Other 

Kinds  of  Food  and 

Drogi. 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Travelling  exoenses  and  purchase  of  samples, 
Apparatus  and  chemicals,     .... 

Printing, . 

fiooks, 

Index  cards  and  glides,        .... 

Express  charges, 

Extra  services, 

Sundry  small  supplies  (bottles,  etc.),  . 


Total, 


12,700  00 

2,600  00 

1,116  00 

160  78 

26  36 

37  77 

77  33 
16  03 


•6,632  26 


11,800  00 

1,560  00 

736  64 

96  39 

17  60 

20  00 

20  00 

3  16 

38  67 

8  00 


14,289  36 
6,632  26 


110,921  61 


Proprietary  Medicines. 

During  the  course  of  its  work  in  the  inspection  of  food  and  drugs, 
a  considerable  number  of  specimens  of  proprietary  medicines  has 
been  examined  by  the  analysts  of  the  Board,  and  the  results  of 
analysis  have  been  published  in  the  annual  reports.  These  pub- 
lished statements  are  scattered  through  different  reports  covering 
several  years,  and  some  of  them  are  out  of  print.  There  is  an  in- 
creasing demand  for  the  information  contained  in  them,  and  it  has 
been  thought  advisable  to  republish  the  results  in  a  condensed  form, 
in  answer  to  this  demand,  with  such  additions  as  have  been  made 
during  the  past  year. 

The  following  list  contains  a  condensed  statement  of  the  results 
of  analysis  of  most  of  the  proprietary  articles  alluded  to  above.  In 
very  many  instances  the  preparations  were  examined  for  the  pres- 
ence of  some  single  ingredient  only,  where  this  ingredient  was  found 
to  be  a  poisonous  substance,  injurious  to  the  health  of  persons 
using  it. 
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Cosmetics. 

The  following  contain  acetate  of  lead  (sugar  of  lead)  or  some 

active  lead  compound  :  —  percent  of 


Ayer's  Hair  Vigor,  contained  the  equivalent  of  about 
"  Renown  "  Hair  Restorer,  contained  the  equivalent  of  about    . 
Mrs.  Allen^s  Hair  Restorer,  contained  the  equivalent  of  about  . 
American  Hair  Restorative,  contained  the  equivalent  of  about . 
Barrett's  Vegetable  Hair  Restorative,  contained  the  equivalent  of  about 
Chevalier's  Life  for  the  Hair,  contained 


Lead 
Contained. 

0.30 
1.86 
2.30 
0.61 
0.22 
Much. 

HalPs  Vegetable  Sicilian  Hair  Renewer,  contained  the  equivalent  of  about  1 .  75 
Wood's  Hair  Restorative,  contained  the  equivalent  of  about  .  .  .  1.69 
Ring's  Vegetable  Ambrosia,  contained  the  equivalent  of  about  .  .  1 .51 
Parker's  Hair  Balsam,  contained  the  equivalent  of  about  .  .  .  .  2.32 
Wolf's  Vegetable  Hair  Restorer,  contained  the  equivalent  of  about .        .        0.95 

Instances  of  lead  poisoning  have  been  known  to  occur  from  the 
free  external  use  of  such  preparations  as  the  foregoing. 

The  following  contained  corrosive  sublimate,  or  some  other  poison- 
ous salt  of  mercury,  in  the  proportion  of  1  to  15  grains  per  ounce  :  — 

Harriot  Hubbard  Ayer's  Recamier  Cream,  Balm  and  Lotion. 

Madame  Ruppert's  World  Renowned  Face  Bleach. 

Madame  Yale's  Excelsior  Complexion  Bleach. 

Hill's  Freckle  Lotion. 

Soule's  Freckle  and  Moth  Eradicator. 

Perry's  Freckle  Lotion. 

Oriental  Cream. 

Mrs.  McCorrison's  Famous  Diamond  Face  Lotion  (U.7  grains  to  the  ounce). 

Royal  Cream. 

In  one  instance  a  six-ounce  bottle  contained  47  grains  of  corrosive  sub- 
limate. Another  contained  14  grains  of  the  bichloride  per  ounce.  It  is 
not  surprising  that  instances  of  serious  harm  were  reported  from  the  use  of 

such  articles. 

Tonics  and  Bitters. 

The  following  were  examined  for  the  purpose  of  ascertaining  the 
percentage  of  alcohol  in  each.  Some  of  them  have  been  recom- 
mended as  temperance  drinks :  —  Percenter 

Alcohol 
(by  Volume).* 

"Best"  Tonic, 7.6 

Carter's  Physical  Extract, 22.0 

Hooker's  Wigwam  Tonic, 20.7 

Hoofland's  German  Tonic, 29.3 

*  In  tbli  lUt  the  pereentftgei  of  alcohol  are  reckoned  by  Tolame;  in  more  recent  Uata,  by  weight. 
Percentages  by  Tolame  may  be  oonrerted  into  percentages  by  weight  and  vice  versa  by  meant  of  the 
table  pabliahed  in  the  U.  S.  PharmaoopcBia  of  1890,  pages  53I-5S7. 
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Per  Cent  of 

Alcohol 
(by  Volume).* 

Hop  Tonic, 7.0 

Howe's  Arabian  Tonic,  **  not  a  rum  drinV 13.2 

Jackson's  Golden  Seal  Tonic, 19.6 

Liebig  Company's  Coca  Beef  Tonic, 23.2 

Mensman's  Peptonized  Beef  Tonic, 16.6 

Parker's  Tonic, "  purely  vegetable,"  **  recommended  for  inebriates,"  41 . 6 
Schenck's  Sea  Weed  Tonic,  "  entirely  harmless,"  .        .        .        .19.5 

Atwood's  Quinine  Tonic  Bitters, 29.2 

L.  T.  Atwood's  Jaundice  Bitters, 22.3 

Moses  Atwood's  Jaundice  Bitters, 17 . 1 

Baxter's  Mandrake  Bitters, 16.5 

Boker's  Stomach  Bitters, 42.6 

Brown's  Iron  Bitters, 19.7 

Burdock  Blood  Bitters, 25.2 

Carter's  Scotch  Bitters, 17.6 

Colton's  Bitters, 27.1 

Copp's  White  Mountain  Bitters,  "  not  an  alcoholic  beverage,"      .        6.0 

Drake's  Plantation  Bitters, 33.2 

Flint's  Quaker  Bitters, 21.4 

Goodhue's  Bitters, 16.1 

Greene's  Nervui*a, 17.2 

Hartshorn's  Bitters, 22.2 

Hoofland's  German  Bitters,  "entirely  vegetable  and  free  from 

alcoholic  stimulant," 25.6 

Hop  Bitters, 12.0 

Hostetter's  Stomach  Bitters, 44.3 

Kauf  mann's  Sulphur  Bitters, "  contains  no  alcohol."    As  a  matter 

of  fact,  it  contains  20.5  per  cent,  of  alcohol  and  no  sulphur,     .  20.5 

Kingsley's  Iron  Tonic, 14.9 

Langley's  Bitters, 18.1 

Liverpool's  Mexican  Tonic  Bitters, 22.4 

Paine's  Celery  Compound, 21.0 

Pierce's  Indian  Restorative  Bitters, 6.1 

Puritana, 22.0 

Z.  Porter's  Stomach  Bitters, 27.9 

Pulmonine, 16.0 

Rush's  Bitters, 35.0 

Richardson's  Concentrated  Sherry  Wine  Bitters,    .        .        .        .47.5 

Secor's  Cinchona  Bitters, 13.1 

Shonyo's  German  Bitters, 21.5 

Job  Sweet's  Strengthening  Bitters, 29.0 

Thurston's  Old  Continental  Bitters, 11.4 

Walker's  Vinegar  Bitters,  **  contains  no  spirit,"     .        .        .        .        6.1 

Warner's  Safe  Tonic  Bitters, 35.7 

Warren's  Bilious  Bitters, 21.5 

Wheeler's  Tonic  Sherry  Wine  Bitters, 18.8 

*  See  note  oo  page  616. 


No.  84.]  FOOD  AND  DRUG  INSPECTION.  617 

Per  Cent  of 

Alcohol 
(by  Volume).* 

Wheat  Bitters, 13.6 

Faith  Whitcomb's  Nerve  Bitters, 20.8 

Dr.  Williams's  Vegetable  Jaundice  Bitters, 18.5 

Whiskol,  **a  non-intoxicating    stimulant,  whiskey  without  its 

sting,"  .        .        .        .     \ 28.2 

Colden*s  Liquid  Beef  Tonic,  **  recommended  for  treatment  of 

alcohol  habit," 26.6 

Ayer^s  Sarsaparilla, 26.2 

Thayer^s  Compound  Extract  of  Sarsaparil la, 21.5 

Hood's  Sarsaparilla, 18.8 

Allen's  Sarsaparilla,        .        . 13.5 

Dana's  Sarsaparilla, 13.5 

Brown's  Sarsaparilla, 13.5 

Corbett's  Shaker  Sarsaparilla, 8.8 

Radway's  Resolvent, 7.9 

The  dose  recommended  upon  the  labels  of  the  foregoing  preparations 
varied  from  a  teaspoonful  to  a  wineglassful,  and  the  frequency  also  varied 
from  one  to  four  times  a  day,  '^  increased  as  needed." 

"  Opium  Cures.^ 

Each  of  the  so-called  cures  furnished  by  the  following  persons, 
mostly  in  Ohio,  Indiana  and  Illinois,  were  found  to  contain  morphine 
ib  variable  amounts  :  — 


H.  L.  Baker. 
J.  C.  Beck. 
C.  C.  Beers. 
G.  A.  Bradford. 
P.  B.  Bowzer. 
J.  S.  Carleton. 
S.  B.  Collins. 
B.  S.  Dispensary. 
J.  A.  Drollinger. 
J.  R.  A.  Dunn. 

Dr.  Buckland^s  Scotch  Oats  Essence. 


J.  C.  HofiFman. 
H.  H.  Kane. 
F.  E.  Marsh. 
L.  Meeker. 
Wm.  P.  Phelon. 
Salvo  Remedy  Co. 
W.  B.  Squire. 
J.  L.  Stevens. 
B.  M.  Woolley. 


The  so-called  Eeeley's  Double  Chloride  of  Gold  Cure,  at  first  advertised 
as  a  remedy  for  the  opium  habit,  was  also  examined  by  the  Board  in  1884, 
and  found  to  contain  not  a  trace  of  gold. 

'' Blood  Purifiers  J" 

An  examination  of  the  so-called  <<  sarsaparilla"  remedies,  or  <<  blood 
purifiers,"  was  made  in  1892,  and  in  nearly  every  instance  the  remedy 
was  found  to  contain  iodide  of  potassium  in  variable  amounts. 

*  Bm  note  on  page  615. 
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The  following  general  comments  upon  these  preparations  were 
made  in  the  report  of  that  year :  — 

With  bat  few  exceptions  they  contain  a  considerable  percentage  of  a 
very  active  and  powerful  remedy,  the  iodide  of  potassium.  .  .  .  The  sale 
of  such  an  article  in  unlimited  quantities  by  druggists,  grocers  and  others 
is  censurable.  More  than  this,  the  method  of  its  sale  is  dishonest,  since 
the  unwary  purchaser  is  led  to  believe  that  he  is  purchasing  a  harmless 
vegetable  remedy,  namely,  sitrsaparilla. 

It  may  be  seriously  questioned  whether  the  blood  of  persons  who  take 
iodide  of  potassium  continuously  is  not  decidedly  impoverished,  instead  of 
being  purified,  as  is  claimed  by  the  manufacturers.  It  is  not  uncommon  to 
find  persons  who  have  used  continuously  six,  eight  or  ten  pint  bottles  of 
one  of  these  preparations. 

Unlike  sarsaparilla,  the  iodide  of  potassium  is  classed  among  poisons  by 
nearly  every  writer  upon  toxicology. 


The  Board  quotes  several  noted  authorities  upon  this  subject. 
The  pale,  sallow  complexion  of  the  habitual  user  of  the  **  sarsaparilla 
iodides "  is  unfortunately  too  often  met  with,  wherever  these  rem- 
edies are  freely  advertised  and  sold. 

The  following  list  presents  the  percentage  of  iodide  of  potassium 
found  in  those  samples  which  have  been  submitted  to  the  analyst  for 
examination :  — 


ct 


8<hcalled^^  Sarsaparilla  Remedies. 


Namb. 


WilsoD's, 
Howe's,  . 
While's,  . 
No  name, 
Charles's, 
Mahem's, 
Ayer'8,     . 
Bartlett's, 
]No  name, 
No  nnme, 
Packard's, 
Raynsford's, 
Adams's, 
Broad  &  Co.'s, 
Hood's,    . 
Hutchinson's, 
Dr.  Whites, 


Per  Cent, 
of  Iodide  of 
PoUMlum. 


0.32 
0.33 
0.38 
0.41 
0.41 
0.41 
0.45 
0.60 
0.60 
0.60 
0.68 
0.58 
0.75 
0.76 
0.76 
0.76 
0.76 


Name. 


Coleman  &  Co.'s, 

Bass's,     . 

Brown's, . 

Leavitt's, 

Moriarty's, 

Dana's,    . 

Woodward's,  . 

Dudley's, 

Cherry  &  Winpite's, 

Jaynes's, 

Nims's,    . 

Cherry  &  Wingato's, 

Mattison's, 

Myrick's, 

Leavitt's, 

Church's, 


Percent, 
of  Iodide  of 
PotMtlani. 


0.83 
0.84 
1.00 
1.00 
l.U 
1.17 
1.83 
1.60 
1.66 
1.69 
1.67 
1.67 
2.00 
2.12 
2.17 
2.26 
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The  active  ingredient  was  in  nearly  all  instances  the  iodide  of  potassium, 
but  in  one  or  more  of  the  samples  the  analyst  states  that  the  iodide  ^^  was 
in  the  form  of  iodide  of  iron,  and  in  others  probably  the  sodium  salt.*' 

In  1895  the  attention  of  the  Board  was  called  to  some  cases  of 
lead  poisoning  which  had  followed  the  use  of  certain  carbonated 
syrups  and  other  drinks  of  an  effervescing  nature.  An  examination 
was  made,  which  resulted  in  finding  that  the  stoppers  of  the  bottles 
used  for  holding  these  drinks  were  often  made  in  part  of  lead,  the 
amount  varying  in  50  different  samples  from  as  low  as  1  per  cent, 
to  a  little  over  50  per  cent,  of  lead ;  and  the  contents  of  the  bottles 
also  contained  variable  amounts  of  lead,  the  maximum  being  in 
the  proportion  of  0.27  grain  per  gallon.  This  quantity  would 
probably  vary  with  the  length  of  time  during  which  the  contents 
were  exposed  to  the  lead  stoppers. 

The  following  preparations  were  found  to  contain  cocaine :  — 
Dr.  Birney's  CaUirrhal  Powder  was  found  on  analysis  to  contain 
hydrochlorate  of  cocaine,  and  according  to  the  label  each  bottle  con- 
tains 2|  per  cent,  of  this  drug,  with  other  ingredients. 

Instant  Cold  Relief,  made  by  the  Instant  Cold  Relief  Company  of 
Taunton,  contains  cocaine  with  sugar  of  milk,  menthol  and  common 
salt. 

The  danger  in  using  remedies  containing  cocaine  consists  in  the  liability 
to  the  formation  of  a  cocaine  habit.  Instances  have  been  cited  in  which 
persons  purchasing  this  remedy  have  nsed  a  half-dozen  bottles  per  day, 
with  the  result  of  producing  permanent  injury  to  health.  According  to  the 
U.  S.  Dispensatory,  the  habitual  use  of  cocaine  ^'  readily  grows  npon  the 
individual,  and  the  inveterate  user  can  be  recognized  by  his  uncertain  step, 
general  apathy,  sunken  eyes,  trembling  lips,  fetid  breath,  etc.  Incurable 
insomnia  is  apt  to  be  developed,  emaciation  becomes  extreme,  dropsy  ap 
pears  and  even  death  results.  Poisoning  and  even  death  have  resulted  both 
from  its  internal  administration  and  its  local  use." 

Kaskine,  a  much  vaunted  remedy,  sold  at  one  dollar  an  ounce, 
was  found  to  consist  of  nothing  but  granulated  sugar. 

Modene,  an  empirical  preparation  for  removing  hair,  was  found 
to  consist  of  calx  snlphurata  (sulphurated  lime). 

Ozonos,  a  proprietary  disinfectant,  was  found  to  be  a  solution  of 
permanganate  of  potash. 
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Information  in  regard  to  different  brands  of  adulterated  spices  and 
other  articles  of  food  may  be  found  in  the  twenty-first  annual  report 
of  the  Board  (1889). 

Names  of  brands  of  French  peas  colored  with  sulphate  of  copper 
(blue  vitriol)  were  published  in  the  weekly  bulletin  of  May  9,  1891. 
That  portion  of  the  bulletin  which  contains  the  monthly  food  and 
drug  report  contains  considerable  additional  information  upon  special 
subjects^  which  is  published  as  occasion  requires. 
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EEPOETS  OF  THE  ANALYSTS. 


Dr.  S.  W.  Abbott,  Secretary  of  Stale  Board  of  Health. 

Dear  Sir  :  —  I  have  the  honor  to  present  my  report  of  the  analy- 
sis of  food  and  drags  for  the  year  ending  Sept.  30,  1896. 

Milk. 

From  the  beginning  of  the  collection  and  examination  of  milk  in 
1883  under  the  food  and  drug  acts  to  the  present  time  there  has 
been  for  the  most  part  an  annual  increase  in  the  number  of  samples 
reported.  The  past  year  shows  a  considerably  larger  number  than 
ever  I)efore.  For  a  number  of  years  preceding  the  present  the  ratio 
of  the  samples  of  milk  which  were  below  the  standard  analyzed  in 
this  laboratory  has  varied  but  little  from  50  per  cent.  The  record 
of  the  present  year,  however,  shows  what  may  appear  as  a  surpris- 
ing improvement  of  quality,  the  samples  below  the  standard  amount- 
ing to  only  35.2  per  cent,  of  the  total  number  analyzed. 

But  this  improved  ratio  is  due  to  the  fact  that  the  legal  standard 
of  total  solids  has  been  changed.  For  the  months  of  July  and  Au- 
gust of  the  past  year  the  legal  standard  of  total  solids  was  dropped 
from  13  to  12  per  cent.,  so  that  a  majority  of  the  samples  received 
during:  those  months  which  under  the  old  standard  would  have  been 
reported  adulterated  are  here  reported  of  standard  quality.  Although 
the  law  now  in  force  fixes  the  legal  standard  at  12  per  cent,  from 
April  1  to  August  31,  this  law  did  not  go  into  effect  in  time  to  in- 
clude April,  1896,  which  is  here  reported  under  the  13  per  cent, 
standard. 

The  tables  show  what  might  naturally  be  expected,  that  the  per- 
centage of  adulteration  of  the  samples  collected  from  towns  is  con- 
siderably lower  than  in  the  case  of  milk  from  cities,  while  the  milk 
from  the  '^  suspected  producer"  class  is  much  the  poorest  of  all. 
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MOk  Jrom  Oitiet. 


Cnus. 

Total 

Saoiplce 

OoUectML 

Abore 
Standard. 

Below 
Standard. 

Percent 

below 
Standard. 

Total 

SoHdtIn 

Loweet 

Sample. 

Kamber 

of 
Skimmed 
Samples. 

Nnmber 

of 

Colored 

Samplee. 

Boston,    . 

186 

122 

68 

84.1 

10.06 

- 

- 

Broektoo, 

48 

88 

10 

20.8 

10.46 

- 

- 

Cambridge,     • 

407 

228 

181 

44.4 

0.02 

- 

6 

CbeUea,  • 

222 

108 

116 

62.2 

8.60 

4 

1 

Everett,  . 

166 

70 

n 

48.8 

10.00 

- 

- 

Fall  River,      . 

100 

78 

22 

22.0 

10.80 

- 

- 

Fltebbarg,      • 

84 

47 

87 

44.0 

0.80 

6 

- 

Oloaeeeter,     • 

08 

n 

27 

27.6 

0.68 

- 

4 

BaverbtU,        .       < 

28 

17 

11 

80.8 

10.88 

- 

Lawrenee, 

24 

17 

T 

20.2 

11.84 

2 

- 

Maiden.    .       .       . 

120 

62 

68 

66.6 

10.24 

2 

4 

Marlboroogh, 

17 

11 

6 

86.8 

11.32 

- 

- 

a 

Medford, 

188 

102 

66 

80.2 

10.87 

- 

- 

Newbaryport, 

88 

83 

6 

18.2 

11.66 

- 

- 

Newton,  .       .       « 

171 

138 

86 

20.6 

11.86 

2 

2 

Nortb  A  dame, 

18 

18 

0 

0.0 

13.18 

- 

- 

Qatney,   •       • 

46 

26 

20 

44.4 

11.60 

- 

- 

Salem,     •       • 

64 

88 

21 

88.8 

10.60 

- 

- 

Somerrille,     • 

600 

818 

101 

87.6 

0.81 

- 

8 

Taanton,         • 

48 

40 

8 

16.6 

12.87 

4 

- 

Waltbam, 

84 

28 

88 

60.4 

11.84 

- 

7 

Wobnm,  •       •      < 

06 

87 

28 

20.6 

11.16 

- 

4 

Worceeter,     • 

80 

63 

17 

21.2 

10.40 

1 

- 

ToUls,      . 

2,no 

1,726 

1,064 

87.0 

8.60 

21 

81 
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Milk  from  Towns 


TOWVB. 


ToUl 

Samples 

Collected. 


Abore 
Standard. 


Below 
Standard. 


Per  Cent 

below 
SUndurd 


ToUl 

Solids  In 

Lowest 

Sample. 


Namber 

of 
Skimmed 
Samples. 


Mamber 

of 

Colored 

Samples. 


Arlington,       • 

12 

6 

7 

58.8 

11.16 

- 

2 

Beverly,  . 

29 

14 

12 

46.1 

9.40 

- 

• 

BrSokline, 

147 

124 

28 

15.6 

9.54 

- 

1 

Canton,    . 

27 

28 

4 

14.8 

10.32 

- 

- 

Clinton,  • 

88 

25 

8 

2i.2 

12.40 

4 

• 

Dedham, .       • 

70 

55 

24 

80.4 

10.67 

- 

- 

Framtngbam,  . 

6 

5 

0 

0.0 

18.10 

- 

- 

GreenBeld,      • 

4 

4 

0 

0.0 

12.80 

- 

- 

HoUUton, 

6 

8 

8 

50.0 

12.10 

- 

- 

Hull, 

12 

11 

1 

8.3 

10.76 

- 

- 

Hyde  Park,     • 

108 

78 

25 

24.2 

10.18 

1 

- 

Lexington, 

10 

8 

2 

20.0 

11.56 

- 

- 

Marblehead,    • 

48 

26 

17 

80.5 

10.20 

- 

1 

Melroee,  . 

21 

4 

17 

84.3 

11.68 

- 

■• 

Mllford,   . 

86 

28 

8 

22.2 

11.08 

2 

- 

Milton,     . 

6 

2 

4 

06.6 

12.40 

- 

- 

Montague, 

10 

15 

4 

21.0 

12.40 

1 

- 

Nantucket,      • 

k 

17 

17 

0 

0.0 

12.80 

- 

- 

Nattek,    .       . 

k 

80 

27 

8 

10.0 

9.92 

- 

1 

New  Bedford, 

1             * 

24 

15 

0 

87.5 

11.53 

- 

- 

Plymouth, 

»             < 

24 

22 

2 

8.3 

12.00 

- 

- 

Provlncetown, 

¥                     i 

16 

16 

0 

0.0 

12.70 

1 

- 

Randolph,       •       , 

11 

10 

1 

9.1 

12.85 

- 

- 

Reading,  • 

29 

10 

10 

65.6 

9.26 

- 

7 

Revere,    .       •       . 

70 

52 

18 

25.7 

9.78 

• 

- 

Rockland,       • 

12 

8 

4 

88.3 

11.88 

- 

Salisbury,        .       . 

18 

17 

1 

5.5 

11.68 

- 

«• 

Stoneham,       • 

102 

86 

16 

15.7 

9.68 

- 

- 

Stoughton,      • 

60 

54 

15 

21.7 

7.70 

- 

- 

Wakefield,      • 

24 

10 

14 

58.8 

9.82 

- 

1 

Wareliam, 

12 

10 

2 

16.6 

9.80 

- 

- 

Watertown,     •       • 

45 

27 

18 

80.4 

10.00 

2 

- 

Webster, 

28 

15 

8 

84.8 

10.60 

8 

- 

Wellealey, 

4 

2 

S 

50.0 

12.60 

1 

- 

Weatborongh, 

17 

17 

0 

0.0 

12.00 

1 

- 

Winchester,    . 

60 

85 

25 

41.6 

11.04 

- 

- 

Winthrop, 

46 

41 

5 

10.8 

11.15 

- 

- 

Totala,      . 

1,242 

021 

821 

25.8 

7.70 

16 

18 

1 
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Milk  frvm  Sutpected  Producers. 


LOOALITT. 


Total 

Stmplet 

Collected. 

Abore 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

4 

2 

2 

60.0 

13 

6 

8 

61.6 

6 

0 

6 

100.0 

12 

1 

11 

91.7 

19 

8 

11 

67.9 

8 

6 

8 

87.6 

8 

4 

4 

60.0 

20 

10 

10 

60.0 

12 

9 

8 

26.0 

8 

8 

0 

0.0 

8 

0 

8 

100.0 

10 

8 

7 

70.0 

S 

0 

8 

100.0 

6 

2 

4 

66.6 

12 

2 

10 

83.8 

16 

12 

4 

26.0 

9 

2 

7 

77.7 

4 

4 

0 

0.0 

6 

1 

4 

20.0 

16 

10 

6 

88.8 

6 

8 

2 

40.0 

11 

6 

0 

U.6 

16 

11 

4 

26.6 

218 

102 

116 

68.2 

Total 
Solids  In 

Lowest 
Sample. 


Avon,  . 
Bedford, 
Beverly, 
Brookfleld, . 
Charlton,    • 
Danvers, 
Dover, .       • 
Hardwtck,  . 
Lexington,  • 
Mendon,      • 
Nortbborongb, 
Soutbborough, 
Sterling,      . 
Stoughton,  . 
Sodbury,     • 
Topafleld,    . 
Upton,         . 
Waltham,   . 
Walpole,     . 
Wayland,    . 
Weatborongb, 
Weatford,   . 
Weaton, 
ToUIa, . 


10.88 
12^ 
10.19 
10.42 
10.24 
12.72 
8.69 
10.96 
12.86 
12.66 

8.76 
12.70 
11.86 
10.42 
10.77 
10.84 
11.18 
14.08 

7.18 
11.28 
10.48 
10.98 
12.16 

7.18 


Summary  of  Milk  Statistics, 


Total 

Samples 

Collected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

T«»tal 
Holi<ls  In 
Lowest 
Sample. 

M  amber 

of 
Skimmed 
Samples. 

Nnmbar 

of 
Colored 
Samplea. 

CiUea 

TowDf 

Snapected  produoera,    . 
Mlacellaneona, 

2,779 

1,242 

218 

14 

1,726 

921 

102 

6 

1,064 

821 

116 

8 

37.9 
26.8 
63.2 
67.1 

8.60 
7.70 
7.18 
6.06 

21 
16 

81 
18 

1 

ToUla 

4,268 

2,764 

1,499 

86.2 

6.06 

37 

46 
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More  artificially  colored  milks  were  found  than  usual.  Forty-five 
samples  proved  to  be  thus  sophisticated.  They  were  collected  in  14 
towns  and  cities.  Of  these  samples,  39  were  colored  with  annatto 
and  6  with  the  aniline  orange  described  in  our  report  for  1895. 
Many  of  these  colored  milks  were  found  to  be  above  the  legal  stand- 
ard in  total  solids.  In  one  instance,  in  which  a  conviction  was 
secured  in  court,  the  milk  contained  over  17  per  cent,  of  solids.  In 
this  case  the  aniline  orange  was  used,  and  the  defendant  admitted 
his  guilt,  urging  as  an  excuse  that  his  customers  demanded  a  more 
highly  colored  article  than  natural  milk. 

Of  the  artificial  colors,  annatto  seems  to  give  a  pale  milk  the  most 
natural  creamy  appearance,  and  hence  it  is  most  extensively  used. 
It  is  unfortunate  for  the  milkman  that  when  artificial  coloring  of 
any  kind  is  used  the  yellow  tint  resulting  is  not  confined  chiefly  to 
the  cream,  as  is  the  case  with  the  natural  color  of  milk.  It  thus 
happens  that  when  pure  milk  has  stood  for  a  sufficient  time  to  allow 
the  cream  to  separate,  it  is  found  on  pouring  off  the  top  that  the  milk 
underlying  the  cream  has  the  familiar  bluish  tint  of  <<  skimmed  milk.*' 
But  when  an  artificially  colored  milk  is  treated  similarly,  the  yellow 
color  is  found  to  tinge  the  milk  below  the  fat  layer.  In  the  regular 
course  of  analysis  this  appearance  often  directs  the  attention  of  the 
analyst  to  the  artificial  color,  which  is  afterwards  determined  by  the 
special  tests. 

No  samples  of  milk  were  found  to  contain  an  added  preservative. 
The  use  of  formalin  as  a  milk  preservative,  which  is  reported  from 
some  of  the  western  States,  has  not  been  adopted  here  to  any  great 
extent. 

A  convenient  means  of  detecting  its  presence  in  small  quantities  in 
milk  is  by  the  aid  of  fuchsine,  decolorized  by  sulphurous  acid.* 
Ten  or  twelve  cubic  centimeters  of  the  suspected  milk  are  treated 
with  about  1  cubic  centimeter  of  the  decolorized  fuchsine  solution. 
After  standing  a  short  time,  hydrochloric  acid  is  added  and  the 
mixture  shaken.  The  presence  of  formalin  is  indicated  by  a  violet 
color,  varying  in  depth  according  to  the  amount  present.  In  the 
absence  of  formalin  the  milk  shows  only  a  yellowish  color  after 
shaking  with  the  acid. 

The  accompanying  table  shows  the  results  of  the  analysis  of  a 
series  of  milks  of  known  purity  from  a  herd  of  thirty-six  cows, 

•  Method  of  O.  Denfg^,  **  Jour.  Pharm.  et  Chemie  "  ter.  6,  4  (1896,  page  193). 
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chiefly  grade  Holsteins.  This  milk  was  taken  during  February, 
when  the  standard  is  13  per  cent,  of  solids.  It  will  be  seen  that  the 
average  of  the  whole  herd  is  materially  below  the  standard. 

Analysis  of  Milks  of  Known  Purity, 


^ 

^ 

Daily  Ratioms 

a 

c 

m 

s 

• 

M 

t 

Ir' 

3 

a 

u 

(IM  Pounds). 

a 

n 

*•• 

i 

i 

o 

8 

O 
g 

a 

a 

h 

>> 

1 

&a 

1 

1^ 

5 

I 

Si 

o 

2 

o 

6 

Breed  of  Cow. 

1 

5 

26 

2 

10 

80 

12.14 

8.65 

8.49 

Grade  HoUtein. 

2 

i 

^ 

1 

10 

80 

14.16 

6.10 

8.06 

Grade  Bol»*teln. 

8 

2 

10 

80 

11.86 

8.60 

8.26 

TborooKbhred  Ilolstein. 

4 

2 

22 

2 

10 

80 

12.70 

4.60 

8.10 

Grade  RoUtfln. 

6 

4 

25 

2 

10 

80 

11.86 

8.70 

7.66 

Thoroashbred  Qolatein. 
Grade  HolRtein. 

6 

11 

8 

2 

10 

80 

14.99 

5.96 

9.04 

8 

7 

28 

2 

10 

80 

11.66 

3.60 

8.06 

Grade  Holsteln. 

0 

5 

18 

2 

10 

80 

18.86 

4.70 

9.16 

Grade  IIolBteln. 

10 

I 

25 

1 

10 

80 

12.48 

4.25 

8.23 

Grade  nolKteiD. 

11 

17 

2 

10 

80 

12.07 

3.65 

8.42 

Grade  Holstein. 

18 

4 

26 

2 

10 

80 

11.88 

3.55 

7.83 

Grade  HolBtein. 

15 

1 

80 

8 

10 

M> 

12.98 

4.10 

8.88 

Grade  Tlolftiein. 

17 

10 

2 

10 

80 

12.22 

3.60 

8.02 

Grade  Holsteio. 

18 

3 

23 

2 

10 

80 

11.14 

8.10 

8.08 

Grade  Boleitein. 

19 

6 

14 

2 

10 

80 

11.20 

3.75 

7.45 

Tborouebhred  Holatein. 

ao 

4 

22 

2 

10 

80 

12.80 

3.55 

8.95 

Grade  HolHtcln. 

21 

1 

27 

2 

10 

80 

12.19 

8.70 

8.49 

TborouKhbrcd  Holsteln. 

22 

4 

10 

2 

10 

80 

12.02 

4.00 

8.02 

Grade  llolHtHn. 

23 

1 

27 

2 

10 

80 

11.32 

3.35 

7.97 

Grade  HolHtHn. 

24 

4 

15 

2 

10 

80 

12.34 

3.60 

8.74 

Grade  HolntHu  and  Dnrbam. 

26 

1 

25 

2 

10 

80 

11.29 

8.25 

8.04 

Grade  HolHtein. 

26 

2 

12 

2 

10 

80 

18.87 

5.00 

8.87 

Grade  Guernsey. 

27 

1 

15 

2 

10 

80 

11.18 

3.15 

8.03 

Grade  Ilolstein. 

28 

6 

22 

2 

10 

80 

11.98 

3.40 

8.48 

Grade  Guernsey. 

20 

1 

25 

2 

10 

80 

11.45 

8.40 

8.05 

Grade  Holsteln. 

81 

4 

20 

2 

10 

80 

12.40 

4.05 

8.85 

Grade  BuUtcin. 

83 

7 

13 

2 

10 

80 

12.86 

4.30 

8.56 

Grade  Ilolstein. 

84 

2 

80 

2 

10 

80 

12.24 

4.20 

8.04 

Grade  Holsteln. 

85 

1 

80 

2 

10 

80 

14.00 

5.40 

8.60 

Grade  Holsteln. 

86 

1 

29 

2 

10 

80 

12.10 

4.15 

7.95 

Grade  Holsteln. 

87 

2 

22 

2 

10 

80 

10.96 

8.20 

7.76 

Grade  Holsteln. 

80 

2 

10 

2 

10 

80 

11.75 

8.70 

8.05 

Grade  Holsteln. 

40 

6 

1 

24 

2 

10 

80 

12.47 

4.25 

8.42 

Grade  Holsteln. 

41 

6 

1 

80 

2 

10 

80 

11.28 

3.20 

8.08 

Grade  Holsteln. 

42 

6 

1 

14 

8 

10 

80 

12.30 

3.19 

9.11 

Grade  Holsteln. 

46 

5 

2 

24 

2 

10 

80 

11.50 

3.60 

8.90 

Grade  Holsteln. 

A 

vetMgt 

Bforl 

tierd, . 

•        •        •        • 

>        • 

12.82 

8.93 

8.29 

*  Soroetimea  replaced  by  '*  old-prooesa  *'  linseed  meal. 

t  A  mixture  of  4  parts  oata,  2  parts  corn  and  1  part  wbeat. 

t  Hay  very  poor,  not  meadow. 

i  A  mixture  of  1  part  ooro  ensilage  and  1  part  oat  and  pea  ensilage. 


Condensed  Milk. 

The  analysis  of  a  large  proportion  of  the  brands  of  condensed  milk 
for  sale  in  this  State  shows  that  for  the  most  part  a  good  quality  of 
milk  has  been  used  by  the  manufacturers  for  this  purpose.  In  a  few 
instances,  however,  skimmed  milk  has  evidently  been  used.  This  is 
clearly  indicated  by  the  low  percentage  of  fat  in  the  last  few  samples 
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in  the  accompanying  table,  in  which  the  samples  are  arranged  in  the 

order  of  their  fats.     The  ratio  of  fat  to  proteid  of  normal  milk  is 

something  like  5  to  4,  while  in  the  last  instance  on  the  table  it  is 

shown  as  1  to  5. 

Condensed  Milks. 


lN8PKCTOB*8 
2IDMBKB. 

Brand. 

Total 
8oUd9. 

Water. 

Total 
Sugar. 

Protetds. 

Fat. 

Ash. 

3101A,     . 

Quaker, 

,       , 

75.96 

24.05 

54.24 

8.54 

11.40 

1.77 

8167^,    . 

Maine's  Favorite, 

70.86 

20.65 

50.71 

6.95 

11.21 

1.48 

24899,      . 

Quaker, 

70.80 

29.20 

50.10 

8.00 

11.10 

1.60 

0611^,    . 

Gold  Medal,       . 

74.26 

26.75 

54.81 

8.14 

11.10 

1.70 

0297, 

Magnolia,  . 

78.62 

26.38 

56.85 

5.55 

10.80 

1.42 

0296,      . 

Tip  Top,    . 

76.21 

28.79 

57.67 

6.54 

10.86 

1.65 

15092,       . 

Hampden,  • 

70.16 

29.84 

49.28 

9.00 

10.86 

1.68 

24749,       . 

Hampden,  • 

71.06 

28.94 

49.58 

9.47 

10.36 

1.66 

978A,    . 

Qnaker,      •       , 

78.85 

26.16 

52.02 

9.94 

10.20 

1.69 

2393A,    . 

Rival, . 

77.97 

22.08 

57.55 

8.29 

10.20 

1.93 

0837^,    , 

Quaker,      • 

72.15 

27.85 

51.26 

9.19 

10.00 

1.70 

25154,      . 

Maine, 

67.08 

82.92 

47.16 

8.24 

9.90 

1.78 

0296, 

Challenge,  . 

78.27 

26.73 

56.28 

5.61 

9.90 

1.53 

25150,      . 

Roee,  . 

75.69 

24.31 

55.47 

8.67 

9.90 

1.65 

mig,  . 

Fern,  •       •       « 

78.76 

26.26 

56.67 

5.74 

9.74 

1.60 

1458A,    . 

Ten  Cent,  . 

78.40 

26.60 

54.78 

7.44 

9.60 

1.58 

0107^,    i 

Fern,  .       •       , 

76.90- 

28.10 

58.16 

6.54 

9.60 

1.60 

25151,      . 

Tip  Top,    . 

75.26 

24.76 

55.86 

8.89 

9.60 

1.90 

8274/,     . 

\J»  aV*,  •             • 

75.46 

24.55 

55.86 

8.34 

9.60 

1.76 

24788, 

Roae,  . 

70.10 

29.90 

49.76 

9.81 

9.48 

1.56 

25148,      . 

Pine  Tree, . 

68.45 

31.56 

48.88 

8.56 

0.48 

1.58 

886V.    . 

Porcelain,  .       , 

69.60 

80.40 

46.24 

11.84 

9.30 

1.72 

24854,      . 

Defiance,    • 

67.48 

82.52 

47.61 

8.84 

9.80 

1.78 

9361^,    . 

Clover,       • 

64.75 

35.26 

46.36 

7.69 

0.80 

1.40 

8505^,    . 

Defiance,    • 

68.00 

82.00 

49.82 

7.88 

9.28 

1.57 

25147,       . 

Oall  Borden  Bagle,  . 

74.26 

27.76 

56.76 

7.04 

9.00 

1.46 

24785,       . 

Gall  Borden  Bagle,  . 

73.55 

26.45 

53.01 

9.94 

9.00 

1.60 

8685^,    . 

Fern,  . 

79.90 

20.10 

61.28 

7.84 

8.90 

1.90 

24888,      . 

Fern,  . 

77.78 

22.27 

59.24 

8.24 

8.70 

1.66 

24786,      , 

Maine,        . 

70.10 

20.90 

51.63 

8.29 

8.70 

1.48 

24882, 

Peninaolar, 

70.75 

20.25 

60.64 

10.04 

8.40 

1.67 

24855,      < 

Challenge,  . 

71.55 

28.45 

54.01 

7,69 

8.40 

1.45 

7882,      . 

Wlntbrop, . 

65.56 

84.46 

44.97 

10.74 

8.25 

1.59 

827V;    . 

Fern,  . 

75.75 

24.25 

55.93 

10.14 

8.10 

1.58 
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Condensed  Milks — Concluded. 


IVSPKCTOB 
IJUMBKB. 

'*                            Brand. 

Total 
SoUds. 

Water. 

Total 
Sugar. 

Protelds 

Fat 

Ash. 

1043A,     . 

1 
•     Porcelain,  . 

74.48 

26.62 

63.76 

8.01 

8.10 

1.02 

24784,      . 

.     Tip  Top,    . 

73.42 

20.68 

64.67 

9.11 

8.10 

1.04 

24967,      . 

1       •     Dimo,  •       ■       •       < 

71.7T 

28.23 

63.80 

8.00 

7.08 

1.03 

25140,       . 

1       •     Baby, .       •       .       • 

09.80 

80.70 

60.80 

10.00 

7.86 

1.60 

24960,       . 

,       .     Porcelain,  . 

73.08 

20.92 

63.62 

10.64 

7.20 

1.82 

9339^,     .        < 

.     Maine's  Favorite, 

08.96 

31.06 

40.96 

10.70 

0.90 

1.40 

9866^,    . 

t       •     Anchor,      •       . 

07.70 

82.80 

47.40 

11.42 

0.90 

1.93 

9351^,     . 

.     Purity, 

70.06 

88.06 

60.71 

11.72 

0.72 

1.80 

8072/.     .        . 

Maine's  Favorite, 

08.40 

81.00 

60.80 

8.89 

0.00 

2.06 

8849^,     . 

•     J.  B*  Smith,       • 

74.07 

86.98 

66.89 

10.70 

6.88 

1.00 

1007A.    .       , 

.     Wlnthrop  Jersey,     , 

* 

87.28 

82.n 

60.77 

11.08 

8.60 

1.93 

8291A,    . 

.     Cape  Ann, . 

07.40 

82.00 

48.61 

14.19 

2.70 

2.00 

The  so-called  evaporated  cream  proves  in  most  instances  to  be  an 
ordinary  grade  of  milk,  evaporated  to  the  consistency  of  cream  with- 
out the  addition  of  sugar.  In  one  instance,  however,  as  shown  in 
the  accompanying  table,  an  evaporated  skimmed  milk  appears  as  the 
favorite  brand  of  **  evaporated  cream.** 


Evaporated  Creams. 


inspbctob 
Udmbkr. 

'*                          Brand. 

Total 
Solids. 

Water. 

Sugar. 

Proteidi. 

Fat 

Ath. 

9843^,    . 

.     Borden'a  Peerless,    , 

81.16 

08.85 

12.00 

7.68 

10.20 

1.48 

3846^,    . 

.     Imperial,    • 

81.81 

08.19 

13.64 

0.04 

10.00 

1.08 

8407A,    . 

.     Superb, 

80.78 

09.87 

12.70 

0.08 

0.90 

1.44 

1083A,    . 

.     St.  Charles, 

28.02 

71.88 

10.08 

7.04 

0.00 

1.06 

26152, 

.     Highland,  . 

29.98 

70.07 

10.74 

8.78 

0.00 

1.40 

21698, 

.     St.  Charles, 

80.10 

00.90 

18.24 

7.22 

8.10 

1.64 

26168, 

.     Favorite,    . 

22.14 

77.80 

3.97 

14.02 

2.26 

1.80 

7916^, 

•     Favorite,    . 

81.40 

78.64 

- 

- 

1.68 

1.81 

In  the  analyses  here  reported,  the  total  solids,  proteids  and  ash 
were  determined  by  methods  described  in  our  report  for  1895. 

The  determination  of  the  fat  has  been  made  by  a  special  method 
devised  by  Mr.  A,  E.  Leach  of  this  laboratory.  It  is  well  known 
to  those  who  have  tried  to  apply  the  Babcock  method  of  fat  deter- 
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minatioD  to  condensed  milks  which  are  preserved  by  the  addition  of 
cane  sugar,  that  it  is  impossible  to  accomplish  the  clean  separation 
of  the  fat,  on  account  of  the  heavy  char  resulting  from  the  action  of 
the  sulphuric  acid  on  the  sugar.     No  degree  of  dilution  obviates  this 
difficulty.     To  get  rid  of  the  sugar  before  applying  the  Babcock 
method,  the  following  scheme  was  devised.     Forty  grammes  of  the 
sample  are  weighed  out,  and  its  aqueous  solution  is  made  up  to  100 
cubic  centimeters  in  a  graduated  flask.     Fifteen  cubic  centimeters 
of  this  solution,  corresponding  to  6  grammes  of  the  sample,  are 
withdrawn  by  means  of  a  pipette,  and  are  transferred  to  one  of  the 
large  test  bottles  commonly  used  for  skimmed  milk  determinations 
in  the  Babcock  centrifuge.     The  capacity  of  the  body  of  this  test 
bottle  is  about  50  cubic  centimeters,  and  its  neck  is  graduated  to 
read  as  fine  as  0.1  per  cent.     Water  is  then  poured  in  till  the  liquid 
nearly  reaches  the  neck  of  the  bottle,  and  3.5  cubic  centimeters 
of  an  aqueous  solution  of  sulphate  of  copper  is  added,  of  the  strength 
of  69  28  cubic  centimeters  per  litre  (Fehling's  copper  solution). 
The  bottle  is  then  well  shaken  and  its  contents  are  allowed  to  settle. 
The  precipitate,  which  consists  of  proteids,  carrying  with  it  the  fat, 
subsides  more  quickly  if  the  bottle  is  set  in  ice  water.     The  clear 
supernatant  liquid,  which  contains  the  sugar  in  solution,  is  then  drawn 
off  by  means  of  a  small-stemmed  pipette,  of  a  capacity  of  50  cubic 
centimeters,  whose  upper  end  is  fitted  for  convenience  with  a  piece 
of  rubber  tubing.     A   small   wisp  of  absorbent  cotton  is  lightly 
twisted  about  the  lower  end  of  the  pipette,  to  serve  as  a  filter.     After 
the  liquid  is  thus  drawn  up  into  the  pipette  the  cotton  wad  is  re- 
moved from  its  lower  end  by  lightly  rubbing  it  against  the  inside 
of  the  bottle's  neck  as  the  pipette  is  withdrawn.     The  precipitate  is 
washed  three  times  as  above   by  decantation,  and  then   25   cubic 
centimeters  of  sulphuric  acid  are  added,  and  the  usual  Babcock 
centrifuge  method  is  followed.     The  reading  to  tenths,  multiplied 
by  six,  gives  the  percentage  of  fat  in  the  sample. 

Butter. 

The  inspectors  have  been  unable  to  find  any  case  of  oleomargarine 
substitution  during  the  year;  349  samples  were  examined. 

Lard. 

Of  67  samples,  18  proved  to  contain  added  cotton-seed  oil  or 
tallow. 
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Cheese. 

No  case  of  adulterated  cheese  has  been  found ;  57  samples  have 
been  examined. 

Olive  Oil. 

Of  33  samples,  10  were  seed  oil, ^either  wholly  or  in  part. 

Honey. 

Of  65  samples,  10  consisted  wholly  or  in  part  of  glucose  syrup. 
The  poorest  sample  contained  75  per  cent,  adulteration. 

Molasses. 

Of  137  samples,  12  contained  glucose  syrup.  The  maximum 
adulteration  was  70  per  cent. 

Syrup, 

All  three  of  the  refiners'  syrups  examined  contained  added  glucose 
syrup. 

Maple  Sugar. 

Of  the  22  samples  examined,  7  contained  notable  quantities  of 
crude  cane  sugar. 

Maple  Syrup. 

Of  the  28  samples,  10  contained  glucose  syrup,  or  were  chiefly 
sugar-house  drips. 

Ground  Spices. 

Allspice.  — Of  129  samples,  6  were  adulterated.  The  adulterants 
wore  ground  fruit  stones,  wheat,  ginger,  nut-shells  and  peas.  The 
worst  specimen  contained  40  per  cent,  of  adulteration. 

Cassia.  —  Of  250  samples,  7  were  adulterated  with  ginger,  wheat, 
sawdust  and  a  foreign  bark.  The  maximum  adulteration  was  50  per 
cent. 

Cayenne  again  leads  in  respect  of  adulteration,  23  of  the  67  sam- 
ples proving  to  contain  corn,  wheat,  turmeric,  ginger  or  gypsum. 
The  maximum  adulteration  was  50  per  cent. 

Cloves.  —  Of  235  samples,  10  were  found  adulterated  with  wheat, 
rice,  allspice,  ginger  or  clove  stems.  The  maximum  adulteration 
was  60  per  cent. 

Ginger.  —  Of  222  samples,  38  were  found  adulterated  with  com 
or  turmeric.     The  maximum  adulteration  was  70  per  cent. 
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Mace,  —  Of  13  samples,  1  contained  corn  and  turmeric. 

Mustard. — Of  214  samples,  73  were  found  to  contain  turmeric, 
wheat,  corn,  buckwheat,  rice,  cayenne  and  potato.  The  maximum 
adulteration  was  45  per  cent. 

Nutmeg.  —  Of  the  12  samples  examined,  1  contained  wheat  to  the 
extent  of  10  per  cent. 

Pepper.  —  Of  the  337  samples  examined,  22  were  found  to  contain 
ground  nut-shells,  wheat,  bark,  ginger,  olive  stems  or  pepper  hulls 
in  large  excess.     The  maximum  adulteration  was  65  per  cent. 

Vinegar. 

As  usual,  the  percentage  of  adulteration  in  vinegar  stands  higher 
than  any  other  food  of  which  as  large  a  number  of  samples  has  been 
examined.  Of  the  83  specimens  submitted,  41  were  below  stand- 
ard. The  following  table  shows  the  analysis  of  these  samples  in 
detail :  — 


Ptreentaire  of 

Percentage  of 

Percentage  of 

Percentage  of 

Percentage  of 

Percentage  of 

Acetic  Acid. 

SoticU. 

AoeUc  Acid. 

8oUds. 

Acetic  Add. 

SoUda. 

6.05 

2.00 

4.77 

2.70 

4.52 

2.26 

6.75 

2.95 

4.75 

1.88 

4.52 

8.76 

5.70 

0.40 

4.74 

2.00 

4.52 

1.83 

5.60 

2.40 

4.74 

2.66 

4.50 

2.50 

5.55 

1.94 

4.72 

1.45 

4.50 

8.12 

5.88 

2.64 

4.69 

8.14 

4.50 

2.52 

5.85 

2.00 

4.69 

2.15 

4.48 

2.20 

5.84 

2.60 

4.68 

2.00 

4.47 

2.55 

5.28 

1.76 

4.68 

2.00 

4.47 

2.65 

5.28 

1.83 

4.68 

2.14 

4.47 

2.60 

5.06 

2.84 

4.66 

2.79 

4.43 

2.00 

4.97 

0.55 

4.66 

2.00 

4.48 

2.20 

4.95 

8.92 

4.65 

2.60 

4.40 

2.30 

4.92 

2.00 

4.65 

0.40 

4.89 

2.00 

4.92 

2.02 

4.65 

2.07 

4.37 

1.10 

4.90 

2.02 

4.68 

2.77 

4.84 

2.86 

4.90 

2.00 

4.62 

0.00 

4.80 

1.13 

4.90 

0.44 

4.62 

2.20 

4.30 

2.80 

4.90 

2.57 

4.56 

0.60 

4.15 

8.70 

4.89 

0.00 

4.55 

0.87 

4.15 

0.55 

4.88 

1.67 

4.55 

2.28 

4.00 

0.57 

4.87 

1.84 

4.55 

2.10 

8.90 

0.00 

4.85 

2.22 

4.55 

2.86 

8.89 

1.59 

4.88 

0.80 

4.54 

8.74 

8.80 

1.14 

4.80 

8.10 

4.54 

2.77 

8.70 

4.67 

4.80 

2.46 

4.53 

2.04 

8.41 

1.20 

4.80 

8.60 

4.53 

0.00 

2.96 

2.85 

4.79 

0.64 

4.58 

2.75 
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Tea. 
Of  96  samples  examined,  only  1  proved  to  be  adulterated. 

CorTEE. 

Of  120  samples  examined,  16  were  adulterated  with  chiccory,  peas, 
wheat,  dandelion,  beans,  sticks  or  grayel.  The  maximum  adultera- 
tion was  70  per  cent. 

Cocoa  (including  Chocolate  Preparations) .    > 

Of  39  specimens  submitted,  9  of  the  samples  of  cocoa  proved  to 
be  adulterated  with  rice,  wheat,  sugar,  salt,  oatmeal,  arrowroot  or 
potato.  The  sample  containing  the  largest  admixture  showed  but 
44  per  cent,  of  cocoa. 

CONTECnONERY. 

Of  126  samples  examined,  only  3  were  found  to  contain  elements 
not  properly  edible.  These  were  samples  of  chocolate  lozenges,  con- 
taining no  chocolate,  but  colored  with  considerable  addition  of  oxide 
of  iron. 

Cream  of  Tartar. 

Of  421  samples  examined,  17  proved  to  be  adulterated  with  corn, 
alum,  gypsum  or  acid  phosphate  of  lime.  The  poorest  sample  con- 
tained 70  per  cent,  of  gypsum. 

Canned  Goods  {exclusive  of  Condensed  Milk). 

Of  canned  goods,  47  samples  were  examined  for  metallic  poison. 
Notable  quantities  of  lead  have  not  been  found,  and  only  3  samples 
contained  tin  in  injurious  amount. 

Miscellaneous. 

Of  190  samples  classed  under  this*  head,  49  proved  to  be  adul- 
terated, or  to  contain  injurious  ingredients. 

Among  these  samples  were  specimens  of  pickles,  none  of  which 
were  found  to  contain  copper ;  of  chowchow,  which  proved  to  con- 
tain salicylic  acid,  as  also  did  samples  of  catsup  and  apple  butter. 

Samples  of  tripe  and  oysters  were  found  to  be  preserved  with 
boracic  acid,  and  a  sample  of  so-called  <<  preservative  "  was  found  to 
consist  of  boracic  acid. 
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Samples  of  extract  of  vanilla  were  found  to  be  largely  reinforced 
with  coumarin. 

Samples  of  ** currant  jelly"  were  found  to  consist  of  apple  jelly 
colored  with  cochineal. 

Samples  of  tin  foil  used  to  wrap  fresh  cheeses  and  sausages  were 
examined.  The  only  sample  which  proved  to  contain  more  than  3 
per  cent,  of  lead,  which  is  considered  the  danger  limit  in  foil  used 
for  this  purpose,  was  one  in  which  was  wrapped  a  cheese  from 
Worcester  County  Creamery.  This  was  a  bright  foil,  in  contrast  to 
the  dull  foil  used  to  wrap  Neufchatel  and  cream  cheeses.  This  speci- 
men contained  52.8  per  cent,  of  lead. 

Samples  of  sausages  were  found  to  be  colored  artificially. 


Summary  of  Food  Statistics, 


Foods. 

Gennlnt. 

• 

Adulterated. 

Total. 

Per  Cent  of 
Adolteratlon. 

Allspice, 

129 

6 

185 

4.4 

Butter,     . 

849 

0 

849 

0.0 

(banned  goods, 

44 

8 

47 

6.4 

Cassia,     . 

243 

7 

250 

2.8 

Cayenne, 

44 

23 

67 

84.8 

Cheese,    . 

67 

0 

57 

0.0 

Chocolate, 

80 

9 

89 

28.0 

Cloves,    . 

225 

10 

235 

4.3 

Coffee,     . 

104 

16 

120 

18.8 

Confectionery, 

123 

3 

126 

2.4 

Cream  of  tartar. 

404 

17 

421 

4.0 

Ginger,    . 

184 

88 

222 

17.1 

Honey,     . 

55 

10 

65 

15.3 

Lard, 

49 

18 

67 

26.8 

Mace,       .        •        1 

12 

1 

18 

7.7 

Maple  sugar,  . 

15 

7 

22 

81.8 

Maple  syrup,  . 

18 

10 

28 

85.7 

Miscellaneous, 

141 

49 

190 

25.8 

Molasses, 

125 

12 

187 

8.8 

Mustard, . 

141 

73 

214 

84.1 

Nutmeg, . 

11 

1 

12 

8.3 

Olive  oil,         • 

23 

10 

83 

83.8 

Pepper,   . 

815 

22 

887 

6.5 

Syrup,     . 
Tea, 

0 

3 

8 

100.0 

95 

1 

96 

1.0 

Vinegar, . 

• 

42 

41 

88 

49.4 

Totals, 

• 

. 

t 

2,978 

890 

8,868 

11.6 
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Drugs. 

Samples  which  do  not  conform  with  pharmacopoeial  requirements 
are  here  reported  adulterated,  or  of  poor  quality. 

Acetanilid:  Of  21  samples  examined,  only  1  proved  to  be  adul- 
terated ;  it  was  found  to  contain  corn. 

Acidum  Beiizoicum:  Of  6  samples  examined,  all  were  of  good 
quality. 

Acidum  Hydrobromicam  Dilutum :  Of  7  samples  examined,  all 
were  of  good  quality. 

Acidum  Tannicum:  Of  5  samples  examined,  all  were  of  good 
quality. 

^Iher:  Of  22  samples  examined,  4  were  of  poor  quality,  con- 
taining too  much  alcohol  and  water. 

Alcohol:  Of  14  samples  examined,  4  contained  too  much  water. 

Aqua  Ammonioe :  Of  7  samples  examined,  3  were  of  poor  qual- 
ity, containing  insufBcient  N  H,. 

Aqua  Ohlori:  None  of  the  3  samples  examined  contained  any- 
where near  the  required  amount  of  chlorine. 

Aqua  Destillata:  Of  30  specimens,  25  were  of  poor  quality. 
But  very  little  care  appears  to  be  exercised  by  druggists  to  insure 
a  good  quality  of  this  simple  preparation.  The  subjoined  figures 
will  show  the  quality  of  the  specimens  examined.  A  pure  distilled 
water  of  course  contains  no  solid  residue.  The  following  figures 
indicate  the  parts  of  solid  residue  found  in  100,000  parts  of  each 
sample :  — 


72 

12 

8 

7 

5 

2.5 

0 

30 

11.5 

8 

6.5 

4.5 

2 

0 

27 

10 

7 

5.5 

4.5 

1 

0 

14.6 

10 

7 

5.5 

4.5 

0 

0 

12 

9 

7 

5.2 

Aqua  Hydrogenii  Dioxidi:  The  single  specimen  examined  seemed 
to  be  of  pharmacopoeial  strength. 
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Argenti  Nilras :  Of  the  16  samples  examined,  all  were  of  good 
quality. 

Bismuthi  Subcarbonas:  Of  the  7  samples  examined,  all  proved 
of  good  quality. 

Bismuthi  Subnitras:  Of  the  27  samples  examined,  3  failed  to 
meet  the  pharmacopoeial  requirements,  containing  traces  of  arsenic 
or  notable  amounts  of  subcarbonate. 

Calx  Chlorata:  Of  the  5  samples  examined,  none  were  of  good 
quality,  the  amount  of  available  chlorine  being  in  one  case  but  5  per 
cent,  of  the  requirement. 

Calx  Preparata :  The  2  samples  examined  proved  to  be  of  good 
quality. 

Cerii  Oxalas:  The  6  samples  examined  proved  to  be  of  good 
quality. 

Chloral  Hydras:  The  single  sample  examined  proved  to  be  of 
good  quality. 

Chloroformum :  Of  the  11  samples  examined,  2  were  of  poor 
quality,  containing  too  much  alcohol. 

Extractum  Olycyn^hizcB  :  Of  the  8  samples  submitted,  7  proved  to 
be  adulterated  with  corn  starch. 

Extractum  Nucis  Vomicos :  All  of  the  3  samples  examined  were 
of  insufBcient  strength,  the  percentage  of  total  alkaloids  being  re- 
spectively 11.28,  10.92,  9.10. 

Glycerinum:  Of  the  eight  samples  examined,  all  were  of  good 
quality. 

Hydrargyri  Chloridum  Mite:  Of  the  22  samples  examined,  all 
were  of  good  quality. 

Oleum  Limonis:  Of  10  samples  examined,  4  were  of  poor  quality, 
containing  alcohol. 

Paraldehydum :  The  single  sample  examined  was  of  good  quality. 
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Phenacetin :  The  two  samples  examined  were  of  good  quality. 

Pulvis  Opii:  Of  the  31  samples  examined,  16  were  not  of  phar- 
macopoeial  strength.  The  following  figures  show  the  percentage  of 
morphine  contained  in  the  various  samples :  — 


25.5 

14.99 

14.80 

14.10 

14.00 

18.40 

13.20 

10.40 

16.14 

14.92 

14.30 

14.00 

13.90 

18.40 

11.42 

6.80 

15.7 

14.90 

14.20 

14.00 

18.70 

13.80 

11.40 

8.55 

15.4 

14.70 

14.10 

14.00 

13.70 

18.30 

10.76 

Spiritus  ^theris  Compositus:  Of  the  32  samples  examined,  only 
7  proved  of  standard  quality ;  1  consisted  chiefly  of  amyl  alcohol, 
and  the  others  contained  little  and  in  most  cases  no  setherial  oil. 

8piritu8  ^theris  Nitrosi:  Of  the  13  samples  examined,  only  4 
approximated  the  standard. 

Spirittis  Frumenti:  Of  the  13  specimens  submitted,  only  2  ap- 
proached the  standard  requirements.  The  following  table  shows 
the  results  of  analysis :  — 


Percentage  of 

Alcohol 

by  Weight 

PercenUge  of 
SoUd*. 

Percentage  of 

Alcohol 

by  Weight. 

Percentage  of 
Solids. 

Percentage  of 

Alcohol 

by  Weight. 

Percentage  of 
Solids. 

44.18 
43.52 
48.14 
42.95 
42.29 

1 

0.00 
0.65 
0.70 
0.23 
0.79 

40.70 

89.80 
89.00 
88.22 

1.20 
0.66 
1.00 
0.20 

87.78 
87.11 
85.50 
81.62 

0.70 
1.50 

0.66 
0.46 

Spiritus  Juniperi:  The  single  sample  examined  proved  to  contain 
too  much  water. 

Spiritus  Vini  Gallici:  Of  the  2  samples  examined,  1  was  of  poor 
quality. 

Succus  Limonis:    Of  the  2  samples  examined,  1  was  of  poor 
quality,  containing  insufBcient  citric  acid. 

Syrupus:  Of  the  25  samples  examined,  17  contained  insufficient 
sugar. 
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Tinctura  lodi:  Of  the  43  samples  submitted,  only  6  contained  the 
required  amount  of  iodine.  The  percentage  of  pharmacopceial 
requirement  of  iodine  which  these  samples  respectively  contained 
is  shown  by  the  following  figures  :  — 


100 

100 

92 

87 

85 

80 

75 

70 

50 

100 

95 

90 

87 

85 

78 

74 

68 

50 

100 

94 

90 

87 

83 

77 

72 

68 

25 

100 

93 

90 

86 

82 

75 

70 

68 

100 

92 

88 

85 

80 

75 

70 

67 

Tinctura  Opii:  Of  the  58  samples  examined,  only  15  contained 
the  required  percentage  of  morphine.  The  respective  percentages  of 
morphine  of  these  samples  is  indicated  by  the  following  figures :  — 

2.02  1.83  1.16  1.09  1.03  0.93  0.88  0.45 
1.51  1.27  1.16  1.09  1.03  0.93  0.85  0.18 
1.50         1.27         1.15         1.08         1.02         0.92         0.85 


1.49 

1.25 

1.15 

1.06 

1.00 

0.92 

0.84 

1.49 

1.22 

1.12 

1.06 

0.99 

0.91 

0.76 

1.48 

1.22 

1.12 

1.04 

0.99 

0.91 

0.72 

1.43 

1.21 

1.11 

1.04 

0.97 

0.90 

0.56 

1.37 

1.17 

1.09 

1.03 

0.96 

0.89 

0.51 

Very  many  of  these  samples  did  not  bear  the  red  poison  label  and 
printed  antidote  directions,  as  required  by  statute. 

Unguentum  Hydrargyri:  Of  8  samples  examined,  only  1  fulfilled 
the  requirements  of  the  pharmacopoeia.  The  poorest  specimen  con- 
tained about  half  the  requisite  amount  of  mercury. 

Vinum  Album:  Of  5  specimens  examined,  all  were  below  the 
pharmacopceial  standard,  containing  much  added  sugar. 

Vinum  Rubrum:  Of  the  12  specimens  examined,  all  were  below 
the  standard.  One  specimen  contained  as  much  as  22.5  per  cent, 
of  solids,  chiefly  added  sugar. 

Miscellaneous. 

Of  15  samples  under  this  head,  5  were  of  poor  quality. 

In  this  class  were  included  samples  of  face  lotions,  containing  rose 
water,  oxide  of  zinc,  subcarbonate  of  bismuth,  calomel,  a  trace  of 
lead,  salt,  bay  rum,  prepared  chalk,  tincture  of  benzoin  and  a  trace 
of  corrosive  sublimate. 
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Samples  of  sarsaparilla  extract  were  examined,  with  the  result  of 
findiog  alcohol  in  the  amount  indicated  in  the  accompanying  table :  — 


ComcEBOZAL  Kaxb  of  Sabbapaulla  Extbaot. 


Percentage  of 

Alcohol 
(by  Weight). 


Ayer's  Sarsparilla, 

Thayer's  Compound  Sai*saparilla, 

Paine's  Celery  Compound,     . 

Hood's  Sarsaparilla, 

Green's  Nervura,    .        .        .        . 

Allen's  Compound  Sarsaparilla, 

Dana's  Sarsaparilla, 

Brown's  Sarsaparilla,     . 

Corbett's  Shaker  Sarsaparilla, 

Rad way's  Renovating  Resolvent,  , 

Moxie, 


21.00 
17.60 
17.00 
16.25 
14.00 
10.92 
10.92 
10.85 
7.04 
6.86 


_♦ 


*  Mere  trace. 


The  essential  element  of  **  Go  to  Sleep"  was  found  to  be  sulphonal. 

A  face  powder  was  found  to  consist  of  corn  starch. 

A  so-called  **  Whiskey  Salt "  consisted  of  crude  sodium  carbonate. 

A  cleaning  preparation  called  **  Cuticlene  "  consisted  essentially  of 
com  meal,  soap  and  nitro-benzol. 

A  sample  of  carbon  dioxide  gas,  supplied  in  cylinders  for  soda 
fountain  use,  was  found  to  contain  1.2  per  cent,  of  air. 

Summary. 


Qenolne. 


Adolterated. 


ToUl. 


Milk, . 

Food  not  milk. 

Drugs, 


Total, 


2J64 

2,978 

261 


6.983 


1,499 
390 
264 


2,143 


4,253 

8,368 

605 


8,126 


Bespectfully  submitted. 


CHARLES  P.   WORCESTER. 
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WESTEKN  MASSACHUSETTS. 


Comment  has  already  been  made,  in  previous  reports,  upon  the 
superior  quality  of  the  milk  furnished  to  consumers  in  the  western 
counties  of  Massachusetts,  as  compared  with  that  which  is  furnished 
to  the  population  of  the  eastern  part  of  the  State.  Two  conditions 
or  circumstances  probably  explain  this  fact.  These  conditions  are 
.  very  similar  in  character :  — 

First y  the  Density  of  Population. — In  the  four  western  counties 
the  mean  density  of  population,  according  to  the  census  of  1895, 
was  but  little  more  than  one-fourth  as  great  as  that  of  the  remainder 
of  the  State,  the  exact  ratio  being  as  116  to  399  (persons  to  the 
square  mile).  Other  things  being  equal,  adulteration  of  milk  is 
more  prevalent  in  densely  settled  than  it  is  in  sparsely  settled- dis- 
tricts. In  densely  settled  districts  the  milk  supply  is  derived  largely 
from  places  at  a  considerable  distance,  and  adulteration  is  more 
common  in  proportion  to  the  distance  of  the  producer  from  .the  con- 
sumer, and  also  to  the  time  which  elapses  between  production  and 
consumption.  In  the  cities  and  towns  of  the  western  counties  the 
milk  is  produced  within  a  few  miles  of  the  consumer,  and  is,  there- 
fore, of  better  average  quality. 

Second^  Supply  and  Demand.  —  While  the  conditions  of  supply 
and  demand  are  partially  dependent  upon  seasons  of  the  year,  they 
are  also  closely  connected  with  and  dependent  upon  the  former  con- 
dition, —  the  density  of  population. 

During  the  fourteen  years  which  have  elapsed  since  the  food  and 
drug  acts  went  into  operation,  the  Board  has  extended  to  the  four 
western  counties  its  regular  and  continuous  inspection,  in  like  man- 
ner with  the  eastern  portions  of  the  State ;  and,  while  the  number 
of  samples  of  milk  inspected  from  this  district  has  not  been  so  great 
in  proportion  to  the  population  at  that  of  the  eastern  portion,  it  has 
been  quite  as  great  as  the  relative  prevalence  of  adulteration  in  the 
two  districts  would  seem  to  require. 
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The  following  is  the  list  of  cities  and  towns  from  which  such  sam- 
ples of  milk  have  been  obtained,  from  1884  to  1896  inclusive :  — 


Springfield. 

Holyoke. 

Northampton. 

Chicopee. 

Pittsfield. 

North  Adams. 

Adams. 

Greenfield. 

Amherst. 

Palmer. 

West  Springfield. 


Montague  (Turner's  Falls). 

Ware. 

Westfield. 

Lee. 

Lenox. 

Orange. 

Shelburne. 

Great  Barrington. 

South  Hadley. 

Deerfield. 


The  whole  number  of  samples,  and  the  number  obtained  in  each 
year,  together  with  the  number  found  to  be  below  the  standard,  are 
indicated  in  the  following  table  :  — 


Ymamb, 

Samples  of 
Milk. 

Number  below 
8Un<UrcU 

YEAM9. 

Samples  of 
MUk. 

Number  below 
Suuidard. 

1884,  . 
1886,  . 

1886,  . 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

163 
281 
126 
219 
299 
800 
270 
826 

52 
49 
25 
23 
47 
53 
61 
60 

1892, 

1893, 

1894,         . ,      . 

1895, 

1896, 

Totals,      • 

252 
187 
183 
245 
157 

50 
38 
39 
60 
27 

3.008 

584 

The  whole  number  of  samples  was  3,008,  and  of  these  584,  or 
19.4  per  cent.,  were  not  of  standard  quality. 

This  percentage  (19.4)  was  less  than  half  as  great  as  that  of  sam- 
ples taken  in  the  eastern  part  of  the  State  during  the  same  time.  It 
should,  however,  be  stated  that  the  conditions  prevailing  in  the  two 
districts  are  not  exactly  comparable,  since  a  considerable  number  of 
the  adulterated  samples  included  in  the  total  of  those  taken  in  the 
eastern  counties  was  comprised  of  samples  taken  from  suspected 
producers,  and  this  class  of  samples  usually  presents  a  very  high 
ratio  of  adulteration ;  while  the  demand  for  this  line  of  inspection  in 
the  western  counties  has  practically  amounted  to  nothing,  for  the 
reason  that  the  conditions  of  supply  and  demand  have  been  such  as 
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to  present  comparatively  little  inducement  to  fraud  on  the  part  of 
the  producer.  Still,  if  this  class  of  samples  were  to  be  entirely 
eliminated  from  the  comparison,  there  would  still  remain  a  very  de- 
cided difference  in  the  average  quality  of  the  milk  furnished  to  con- 
sumers in  the  two  districts. 

The  total  number  of  prosecutions  of  offenders  against  the  milk 
laws  in  this  district  during  the  period  in  question  was  21,  or  an  aver- 
age of  only  1^  per  year.     Of  this  number,  16  resulted  in  conviction. 
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The  whole  number  of  samples  of  milk  collected  in  the  counties 
west  of  Worcester  County  during  the  year  was  157,  and  the  number 
found  below  the  standard  was  27,  or  17.2  per  cent.  This  is  a  lower 
ratio  than  that  of  any  year  since  1888,  but  this  result  is  partly  due 
to  the  change  in  the  standard  in  certain  months,  as  stated  on  a  pre- 
vious page. 

The  following  summary  embraces  the  samples  of  milk  obtained 
during  the  year  in  cities  and  towns  west  of  Worcester  County. 

The  results  of  analyses  were  as  follows :  — 

Whole  Dumber  examined, 157 

Number  above  standard, 180 

Number  below  standard, 27 

Percentage  below  standard, 17.2 

Number  samples  skimmed  milk, 9 

Chicopee. 

Number  of  samples, 20 

Number  above  standard, Id 

Number  below  standard, 2 

Percentage  below  standard, 10.0 

Skimmed  milk, 0 

North  Adams, 

Number  of  samples, 17 

Number  above  standard, 17 

Number  below  standard, 0 

Percentage  below  standard, 0 

Skimmed  milk, 0 

Springfield, 

Number  of  samples, 79 

Number  above  standard, 63 

Number  below  standard, 16 

Percentage  below  standard, 20.8 

Skimmed  milk, 6 
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The  results  in  the  towns  were  as  follows :  — 


TotaL 

Above 
Standard. 

Below 
Standard. 

Percentage 

below 
Standard. 

Greenfield, 

Westfield, 

24 
17 

21 
11 

3 

6 

- 

- 

41 

82 

9 

22.0 

CHARLES  A.  GOESSMANN. 
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INTRODUCTION.* 


By  Theobald  Smith,  M.D. 


This  inquiry  was  suggested  by  the  following  important  problems 
bearing  upon  the  restriction  of  diphtheria  :  — 

1.  Is  there  any  difference  in  the  pathogenic  power  of  diphtheria 
bacilli  from  different  localities? 

2.  Is*  the  pathogenic  activity  of  bacilli  producing  diphtheria  in 
the  summer  season  different  from  that  of  those  producing  disease  in 
winter? 

3.  Is  there  any  reduction  in  the  pathogenic  power  of  bacilli  in 
cases  in  which  they  persist  in  the  throat  after  recovery  ? 

4.  Are  there  any  differences  noticeable  between  the  bacilli  of 
mild  and  those  of  severe  cases  ? 

The  third  and  the  fourth  questions  have  been  attacked  by  other 
observers,  while  the  first  and  the  second  have  not  been  especially 
investigated.  The  answers  to  the  third  and  the  fourth  questions 
have  been,  as  a  rule,  negative.  Observers  have  found  little  or  no 
difference  in  bacilli  from  mild  and  severe  cases,  nor  have  they  been 
able  to  show  any  recognizable  loss  of  virulence  in  the  bacilli  per- 
sisting in  the  throat  after  recovery. 

The  reasons  for  entering  upon  this  subject  again  were  the  oppor- 
tunity we  have  had  of  examining  cultures  from  different  towns  within 
the  State,  and  more  especially  certain  improved  methods  of  cultiva- 
tion by  which  the  maximum  toxin-producing  capacity  of  each  bacillus 
could  be  brought  out  and  measured  more  accurately  than  had  been 
done  heretofore. 

The  selection  of  cultures  for  the  study  of  the  questions  stated 
above  has  not  been  entirely  satisfactory ,  mainly  because  much  of  the 
clinical  information  necessary  to  a  proper  choice  was  not  accessible 

*  The  writer  wishes  to  acknowledge  the  faithful  assistance  of  J.  R.  Stewart,  to  whom  the 
preparation  of  the  caltare  media  was  chiefly  entrusted.  As  will  be  seen  firom  what  follows,  this 
is  not  a  simple  task. 
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at  the  time  the  cultures  were  received,  and  in  some  instances  obtain- 
able only  with  difficulty  at  the  last  moment  when  the  final  results 
were  tabulated.  We  hope,  however,  that  the  material  at  hand  may 
be  supplemented  by  more  in  the  near  future. 

The  Mode  op  Action  of  Diphtheria  Bacilli. 

It  is  now  a  generally  accepted  theory  that  diphtheria  bacilli  act  in 
the  main  through  the  toxins  which  they  produce,  and  which  are 
rapidly  diffused  into  the  fluids  containing  the  vegetating  bacilli. 
The  contents  of  the  bacilli  themselves  seem  to  be  pf  little  moment 
as  ^pathogenic  factors.  Park  and  Williams*  allowed  the  washed 
diphtheria  bacilli  to  soak  for  a  week  <'in  a  0.5  per  cent,  alkaline 
carbolic  solution."  The  injection  of  one  cubic  centimeter  did  not 
*' produce  any  marked  reaction  in  a  500-gramme  guinea-pig," 
although  the  bacilli  themselves  were  powerful  toxin-producers. 
Kossel  f  collected  the  bacillar  membranes  from  cultures,  washed 
the  bacilli  repeatedly  by  centrifugalizing  with  0.6  per  cent,  sodium 
chloride ;  then,  after  killing  them  with  vapors  of  chloroform,  he  ex- 
tracted them  for  several  days  in  a  few  cubic  centimeters  of  weakly 
alkaline  fluids.  The  extract  was  only  feebly  poisonous,  for  it  re- 
quired 5  cubic  centimeters  to  kill  a  360-gramme  guinea-pig  in  forty- 
eight  hours. 

Brieger  and  BoerJ  found  that  shaking  diphtheria  bacilli  with 
ammonium  chloride  and  allowing  them  to  stand  for  eighteen  to 
twenty  hours  removes  the  toxin  from  the  bodies  of  the  bacilli.  The 
bacilli  after  extraction  were  fatal  to  a  500-gramme  guinea-pig,  in 
doses  of  0.01  gramme  of  bacillar  substance.  They  acted  by  pro- 
ducing local  necrosis.  Brieger  states  that  antitoxin  had  no  effect 
upon  this  action  of  the  dead  bacilli,  and  that  immunization  towards 
it  by  gradually  increasing  doses  failed.  The  poison  itself  withstood 
an  hour's  boiling. 

These  experimental  observations,  taken  together,  show  that  the 
toxin  in  the  culture  fluid  and  not  the  body  substance  of  the  bacilli 
themselves  is  to  be  looked  upon  as  the  disease  agent.  The  success 
following  the  prompt  application  of  antitoxin  in  sufficient  doses  is  an 
additional  support  to  this  view.  Moreover,  the  bacilli  themselves 
do  not  penetrate  into  the  body  in  large  numbers,  hence  need  not  be 
specially  considered  as  adding  to  the  toxic  effect  of  their  products. 


•  "  Journal  of  Exp.  Med.,'*  I.,  page  174.       f  «« Centralblatt  f.  Bakteriologie,"  XIX.,  page  977. 
X  **  Deauche  Med.  Wocbenscbrift/'  1896. 
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We^may,  for  convenience,  regard  the  disease-producing  power  of 
diphtheria  bacilli  as  made  up  of  two  elements,  —  toxicity  and  viru- 
lence. The  former  represents  the  rate  of  accumulation  of  toxin  in 
culture  fluids,  and  is  easily  measured ;  the  virulence,  on  the  other 
hand,  which  may  be  regarded  as  the  behavior  of  diphtheria  bacilli 
toward  living  tissue,  is  as  yet  an  unknown  quantity.  This  distinc- 
tion between  the  toxic  product  of  diphtheria  bacilli  and  their  inher- 
ent vital  power  to  cope  with  living  tissue  seems  to  be  established,  at 
least  experimentally,  by  the  increase  in  virulence  of  diphtheria 
bacilli  in  their  passage  through  a  series  of  guinea-pigs,  which  has 
been  reported  by  various  observers.  Thus,  Aronson  *  states  that  a 
culture  which  was  at  first  fatal  to  guinea-pigs  of  medium  weight,  in 
0.1  cubic  centimeter  doses,  was  fatal,  after  some  serial  inoculations, 
in  doses  of  0.008  cubic  centimeter.  That  is  to  say,  its  virulence 
was  augmented  twelve  times.  This  experiment  evidently  means  not 
that  the  toxin  formed  in  the  sub-cutis  of  guinea-pigs  became  twelve 
times  stronger  in  quality  at  the  end  of  the  series,  but  that  the  bacilli 
injected  were  capable,  by  an  adaptation  of  some  sort,  to  multiply 
much  more  abundantly  toward  the  end  of  the  series,  and  hence  pro- 
duce more  toxin.  The  other  explanation,  that  the  toxin  itself  had 
become  more  potent  in  quality,  could  only  gain  confidence  if  the 
bouillon  culture  produced  much  more  toxin  at  the  end  of  the  experi- 
ment than  at  the  beginning,  the  conditions  remaining  precisely  the 
same. 

To  compare  the  disease-producing  power  of  diphtheria  bacilli 
from  difierent  sources,  it  was,  therefore,  thought  best  to  study  the 
relative  accumulation  of  toxin  in  bouillon,  and  eliminate  the  bacilli 
by  filtration  before  the  test  upon  animals.  The  writer  is  fully  aware 
of  the  fact  that  but  an  instrument  of  pathogenic  power  is  here  dealt 
with,  and  under  artificial  conditions,  since  we  do  not  know  the 
nature  of  the  nutritive  fluid  which  the  bacilli  make  use  of  on  mucous 
membranes,  nor,  as  a  consequence,  whether  the  toxin  production  in 
bouillon  is  a  true  index  of  the  production  of  toxin  on  mucous  mem- 
branes. The  problem  is,  in  fact,  very  complex,  as  with  all  infectious 
diseases,  and  all  we  can  hope  to  do  at  a  time  is  to  examine  one  factor 
of  disease  as  carefully  as  possible,  while  eliminating  all  the  others 
for  the  time  being.  The  use  of  living  cultures  upon  animals  is  of  no 
service  in  these  experiments,  because  it  introduces  at  once  three 
variable  factors:   (1)  the  bacilli  as  potential  toxin-producers  after 

•  «*  Berl.  klin.  Wochenschr.,"  1893,  Noe.  25  and  26. 
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injection  ;  (2)  the  poison  of  their  bodies  after  destruction ;  and  (3) 
the  toxin  pre-formed  in  the  culture  fluid  injected.  As  a  consequence, 
all  who  have  used  cultures  find  them  uncertain  in  their  action,  as 
compared  with  the  toxin  alone.  The  bacilli  injected  as  nearly  free 
from  fluid  as  possible  are  equally  unreliable  as  measures  of  toxicity, 
as  the  following  tests  show  :  — 

Two  cultures  of  diphtheria  bacilli  are  selected,  which  diflTer  con- 
siderably in  toxin-producing  power,  as  is  shown  in  Table  I.,  where 
the  toxin-producing  power  of  one  (Nd.  14)  is  about  three  times  that 
of  the  other  (No.  40).  Inclined  agar  cultures  are  prepared  from 
each,  and  after  six  days*  growth  the  bacilli  are  removed  with  a  plat- 
inum wire,  the  amount  of  moist  bacilli  weighed  and  stirred  in  5 
cubic  centimeters  sterile  bouillon,  making  a  moderately  cloudy  sus- 
pension. One  cubic  centimeter  contained  by  weight  about  0.0007 
grammes  of  moist  bacilli. 

BdcUlvs  No.  14,  —  Five-tenths  cubic  centimeter  of  the  suspension,  injected 
subcutaneonsly  into  a  guinea-pig  weighing  did  grammes,  is  fatal  in  five 
days  ;  1  cubic  centimeter  is  fatal  to  a  ddO-gramme  pig  in  six  days. 

Bacillus  No.  40.  —  Of  the  suspension  made  in  the  way  described,  1  cubic 
centimeter  is  injected  into  a  guinea-pig  weighing  315  grammes.  Animal 
just  escapes  death,  and  is  chloroformed  on  the  sixth  day.  Another,  weigh- 
ing 330  grammes,  receives  0.5  cubic  centimeter.  A  slough  forms  at  the 
place  of  injection.     The  guinea-pig  remains  in  fair  condition. 

Though  these  tests  show  a  greater  activity  on  the  part  of  Bacillus 
No.  14,  yet  we  miss  here  not  only  the  sharp  definition  in  the  results 
obtained  by  varying  the  dose  of  the  same  culture,  but  also  in  com- 
paring the  efibct  of  the  same  doses  of  cultures  from  diflferent  sources. 

A  prolonged  study  of  the  relative  production  of  toxin  in  bouillon 
under  certain  uniform  conditions  has  shown  such  remarkably  uniform 
results  with  the  same  culture,  even  after  long  intervals  of  time,  that 
the  results  obtained  in  this  way  may  be  accepted  as  showing  an 
inherent  difierence  in  the  various  bacilli  studied. 

The  Method  employed  in  comparing  the   Toxin  Production 

OF  Different  Cultures. 

In  a  former  publication*  the  writer  has  given  the  conditions  which 
must  be  fulfilled  in  order  that  a  maximum  accumulation  of  toxin  may 
take  place   in  bouillon  cultures.     The  facts   there   considered  and 


•  ••  Trans.  Association  American  Physicians,"  for  1896. 
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others  since  then  brought  out  may  be  very  briefly  reviewed  here.  In 
1895  Spronck  *  called  attention  to  the  fact  that  the  variable  amount 
of  sugar  present  in  beef  was  responsible  for  the  great  fluctuations 
observed  in  the  toxicity  of  diphtheria  cultures.  The  writer  had  ob- 
served this  independently  of  Spronck,  by  studying  the  relation  be- 
tween the  amount  of  toxin  in  cultures  and  the  amount  of  sugar  as 
determined  by  the  fermentation  test.  Sugar  is  present  in  all  beef, 
but  in  perhaps  10  per  cent,  the  amount  is  very  small.  In  bouillon 
made  from  such  beef  the  writer  obtained  very  strong  toxin.  In 
bouillon  from  beef  containing  over  0.1  per  cent,  sugar  the  toxin  was 
very  feeble. 

The  cause  for  this  difiference  lies  in  the  acid  or  acids  formed  from 
the  dextrose  by  the  diphtheria  bacillus,  which  inhibit  the  multiplica- 
tion in  a  direct  ratio  to  the  amount  formed.  In  sufficient  quantity 
the  growth  may  be  entiiely  checked,  and  finally,  when  the  acidity 
has  reached  a  certain  degree,  the  bacilli  and  the  toxin  are  destroyed. 
Whether  there  are  other  causes  at  work  besides  mere  inhibition  of 
multiplication  remains  undetermined. 

A  small  amount  of  dextrose,  up  to  0.05  per  cent.,  is  not  inimical 
to  toxin  production  ;  in  fact,  it  seems  to  be  more  favorable  than  none 
at  all,  probably  because  a  certain  minimum  amount  is  necessary  for 
the  cell  life  of  the  diphtheria  bacilli.  Bearing  these  facts  in  mind, 
we  are  better  able  to  comprehend  the  various  changes  going  on  in 
cultures.  The  life  of  the  culture  begins  with  a  rapid  multiplication 
of  the  bacilli  introduced  and  the  formation  of  a  surface  membrane 
usually  within  twenty-four  hours.  At  the  same  time,  any  sugar 
present  is  acted  upon  at  once,  with  the  result  that  the  reaction  be- 
comes more  acid.  If  the  acidity  increases  beyond  2  per  cent,  of  a 
normal  acid  solution, f  the  culture  is  likely  to  become  languid,  the 
surface  membrane  rifted  and  settle  to  the  bottom.  Some  bacilli,  by 
a  vigorous  surface  growth  which  probably  oxidizes  the  acid  products 
formed,  may  subdue  a  larger  amount  of  acid,  even  to  3.5  per  cent., 
and  cause  a  rapid  return  towards  the  alkaline  level.  The  toxin  ap- 
pears in  greatest  concentration  when  the  alkaline  level  has  been 
reached,  usually  within  eight  to  twelve  days  when  sugar  is  present 
in  small  amount  only.  When  sugar  is  more  abundant  the  acid 
period  is  prolonged,  during  which  little  growth  is  evident.     After 

•  "  Anniil.  de  rinstitut  Pasteur,"  1895,  page  758. 

t  /.  «•»  each  100  cubic  centimeters  of  the  culture  fluid  requires  2  cubic  centimeters  of  a  nor- 
mal solution  of  alkali  to  bring  the  whole  to  the  neutral  point  as  determined  by  p  henolphthallein. 
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several  ^weeks  a  slow  alkalizing  tendency  brings  the  culture  to  a 
more  vigorous  growth  and  to  an  alkaline  reaction,  but  without  much 
accumulation  of  toxin. 

Without  going  into  more  detail  on  this  subject,  we  may  summarize 
the  conditions  under  which  diphtheria  bacilli  produce  maximum 
amounts  of  toxin  in  the  ordinary  1  per  cent.  (Witte)  peptone 
bouillon  as  follows :  — 

1.  Muscle  sugar  in  the  fluid  from  0  to  0.05  per  cent. 

2.  Initial  reaction  from  0.8  to  1.5  per  cent,  normal  acid,  the 
lower  figure  pertaining  to  bouillon  containing  the  largest  amount  of 
sugar,  the  higher  to  bouillon  containino;  none. 

3.  A  thin  layer  of  bouillon  freely  exposed  to  the  air  through  one 
or  more  cotton-plugged  openings  in  the  vessel,  and  quiescent  be- 
cause the  surface  membrane  which  forms  within  twenty-four  hours 
must  not  be  disturbed. 

4.  The  accumulation  of  toxin  should  be  permitted  to  go  on  until 
the  growth  is  checked  by  the  alkaline  reaction.  This  appears  in 
from  eight  to  twelve  days,  according  to  the  initial  reaction  and 
amount  of  sugar  present,  and  the  growth  ceases  when  the  reaction 
is  equivalent  to  0.2  to  0.3  per  cent,  normal  alkali. 

The  main  diflSculty  before  us,  therefore,  is  to  get  beef  containing 
only  traces  of  dextrose.  The  writer's  original  plan,  to  select  the 
bouillon  in  accordance  with  the  fermentation  test,  is  not  feasible, 
because  so  little  can  be  used.  Spronck's  suggestion,  to  allow  the 
beef  to  lie  for  several  days,  in  order  that  a  partial  decomposition  by 
bacteria  may  transform  the  sugar,  is  better,  but  suflbrs  from  certain 
diflSculties.  The  kind  of  bacteria  cannot  be  controlled,  and  fre- 
quently the  sugar  is  found  but  partially  removed.  Latterly,  the 
writer  has  given  up  this  method  for  one  more  rapid  and  certain  in 
its  action.  The  beef  infusion  is  prepared  either  by  extracting  the 
chopped  beef  at  60°  C.  for  several  hours,  or  over  night  in  the  re- 
frigerator. After  removal  of  the  beef  the  infusion  is  inoculated  with 
a  culture  of  some  bacterium  which  rapidly  acts  upon  dextrose,  and 
placed  in  the  thermostat  over  night.  The  writer  has  tried  only  B. 
coli,  and  found  a  complete  transformation  of  carbohydrates  taking 
place  over  night. 

In  the  case  of  bouillon  designed  for  diphtheria  toxin  the  incuba- 
tion should  be  as  short  as  possible,  so  as  to  leave  a  trace  of  sugar  in 
the  fluid.  This  can  be  accomplished  by  placing  the  inoculated  in- 
fusion in  the  thermostat  at  10  p.m.  and  removing  early  next  mom- 
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ing  (8  A.M.).  The  infusion  is  then  made  up  in  the  usual  way,  with 
1  per  cent,  peptone,  i  per  cent,  sodium  chloride.  The  final  reaction 
should  range,  according  to  the  amount  of  sugar  left  as  stated  above, 
between  0.8  and  1.5  per  cent,  normal  acid,  phenolphthallein  being 
used  as  indicator.  It  can  easily  bo  brought  to  any  desired  point  by 
adding  from  sterile  solutions  the  calculated  amount  of  normal  acid 
or  alkali  (HCL  or  NaHO).  The  whole  procedure  is  very  simple 
after  it  has  been  put  into  routine  practice.  At  any  rate,  the  bac- 
teriologist must  make  up  his  mind  to  give  up  the  early  slovenly 
methods  of  preparing  culture  media,  or  else  be  prepared  for  constant 
reverses  and  failures. 

The  bouillon  must  bo  sterilized  finally  in  the  autoclave,  since  the 
ordinary  steaming  frequently  fails  to  destroy  certain  spore-bearing 
anaerobes,  which  begin  to  multiply  after  the  diphtheria  bacilli  have 
formed  a  membrane  and  deoxidized  the  culture  medium.  These 
anaerobes  inhibit  the  production  of  toxin.* 

Park  and  Williams  claim  f  that  the  amount  of  dextrose  in  beef 
purchased  in  New  York  City  is  not  suflScient  to  interfere  with  the 
maximum  accumulation  of  toxin  if  the  culture  be  made  sufficiently 
alkaline  to  begin  with.  This  claim  I  cannot  support  by  my  ex- 
perience with  beef  bought  in  the  Boston  markets.  It  may  be  that 
these  authors  had  under  observation  bacilli  which  had  acquired, 
through  surface  cultivation,  a  greater  power  to  promptly  oxidize 
acid  products.  This  power  is  not  possessed,  as  a  rule,  by  bacilli 
recently  isolated  from  the  throat,  with  which  this  article  deals. 

A  number  of  observers  have  published  studies  of  the  relative  viru- 
lence of  diphtheria  bacilli  from  various  sources,  and  those  persisting 
in  the  throat  after  recovery  for  a  variable  length  of  time.  It  is  not 
the  object  of  this  article  to  re-examine  these  writings  and  review  the 
results  obtained.  For  a  summary  of  the  literature  the  reader  is  re- 
ferred to  the  article  by  J.  H.  Wright  in  the  '•  Boston  Medical  and 
Surgical  Journal,"  Vol.  131  (1894),  page  329,  and  **  Scientific 
Bulletin"  No.  1  of  the  health  department,  city  of  New  York  (1895). 
A  perusal  of  the  various  articles  will  show  that  the  method  of  testing 
the  virulence  of  the  diphtheria  bacilli  was  not  adapted  to  give  uniform 
or  quantitative  results.     Thus,  Park  and  Beebe,  on  page  23  of  the 

*  Since  writing  this,  it  has  been  obsenred  that  high  temperatures  in  the  antoclave  may  modify 
the  bouillon  in  such  a  manner  that  only  little  toxin  is  formed  subsequently.  This  matter  is  now 
under  investigation. 

t  '*  Journal  of  Experimental  Medicine/'  I.  (1896),  page  164. 


656  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

bulletin  referred  to,  recommeDd  alkaline  glucose  bouillon  as  a  cult- 
ure medium,  and  the  injection  of  cultures  forty-eight  hours  old. 
Wright  used  sugar  bouillon  very  largely.  From  what  we  now  know 
of  the  inhibitory  and  destructive  action  of  the  acids  formed  from 
dextrose  by  diphtheria  bacilli,  the  use  of  more  than  0.1  per  cent, 
dextrose  in  bouillon  must  be  considered  as  at  least  unsafe.  How- 
ever, the  authors  followed  general  usage  at  that  time,  for  even 
Escherich,  in  his  work  on  diphtheria  issued  in  1894  (page  91), 
states  that  dextrose  is  not  decomposed  in  appreciable  manner  by 
diphtheria  bacilli,  and  therefore  has  no  influence  on  growth. 

Authors  have  not,  so  far  as  the  writer  knows,  reported  comparative 
tests  of  toxin  production  under  conditions  its  nearly  uniform  as 
possible.  It  was  mainly  to  fill  this  gap,  if  possible,  that  the  series 
of  cultures  to  be  described  were  subjected  to  a  comparative  exami- 
nation from  the  point  of  view  of  toxin  production.  Table  I.  gives  a 
condensed  account  of  the  work  done  upon  which  the  calculation  of 
toxin  production  rests.  In  this  table  will  be  found  :  (1)  the  amount 
of  acid  produced  in  dextrose  bouillon;  (2)  the  condition  of  the 
bouillon  used  for  the  cultures ;  and  (3)  the  test  of  the  filtrate  on 
guinea-pigs.  The  acid  production  will  be  dealt  with  farther  on. 
The  facts  relative  to  the  bouillon  used  need  some  explanation. 

The  beef  used  for  bouillon,  with  one  exception,  was  allowed  to 
decompose  according  to  Spronck's  suggestion,  but  the  results  were 
not  uniform,  as  stated  above.  In  some  of  the  bouillon  the  dextrose 
was  absent,  in  some  present  in  traces,  in  some  in  more  appreciable 
amount,  according  to  tests  made  with  the  fermentation  tube  and  B. 
coli.  In  none  was  it  present  in  the  amount  usually  found  in  bouillon 
made  from  fresh  beef.  It  is  not  probable  that  this  slight  fluctuation 
in  the  amount  of  dextrose  had  any  appreciable  influence  on  the  cult- 
ure. Where  a  doubtful  result  was  obtained  it  was  usually  supple- 
mented later  on  with  a  second  test. 

The  question  might  be  asked.  Why  not  use  the  same  bouillon  for 
all  bacilli  studied,  in  place  of  the  many  lots  actually  employed? 
This  would  seem  the  simplest  procedure,  provided  the  bouillon  did 
not  change  with  time  under  the  influence  of  light  and  air.  A  dimi- 
nution in  the  amount  of  toxin  produced  in  bouillon  which  had  been 
standing  for  some  time  in  a  closet  not  absolutely  dark  had  been  cas- 
ually observed.  It  is  probable  that  bouillon  in  vacuo  and  kept  in  a 
dark  place  might  meet  the  conditions  of  the  problem,  but  bouillon 
kept  under  ordinary  conditions  would  not.     Further  investigations 
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are  now  in  progress  to  determine  more  precisely  the  degree  of 
change  produced  in  bouillon  by  age. 

It  might  be  claimed  that  differetit  bacilli  isolated  from  the  throat 
would  have  different  rates  of  growth  in  bouillon,  and  that  the  ac- 
cumulation of  toxin  was  simply  a  factor  of  the  rate  of  multiplication, 
rather  than  of  any  inherent  differences  in  the  physiology  of  the 
bacilli.  To  answer  this  claim  a  determination  of  the  number  of 
diphtheria  bacilli  in  cultures  is  not  trustworthy,  for  the  reason  that 
diphtheria  bacilli  clump  together,  and  the  number  of  colonies  in 
plate  cultures  may  not  indicate  the  number  of  bacilli  used  in  prepar- 
ing the  plate.  Again,  bacilli  may  die  in  the  course  of  growth,  and 
others  take  their  places.  The  writer  has  therefore  endeavored  to 
estimate  the  vigor  of  growth  by  the  amount  of  change  in  the  reaction 
produced.  Cultures  which  in  a  given  time  in  the  same  bouillon 
produce  nearly  the  same  amount  of  alkali  may  be  regarded  as  hav- 
ing performed  the  same  amount  of  work  and  grown  with  equal  vigor. 
The  uniformity  of  reaction  in  the  various  groups  of  bacilli  studied 
together,  after  ten  or  twelve  days,  was  such  as  to  leave  little  doubt 
that  the  growth  had  been  equally  vigorous.  When  any  culture 
lagged  perceptibly  behind,  it  was  usually  repeated  with  other 
bouillon. 

The  extent  of  the  alkali  production  varies  with  the  initial  reaction 
of  the  bouillon  and  the  presence  of  dextrose.  Cultures  containing 
the  latter  became  at  first  more  acid  before  swinging  back  to  alkalin- 
ity. In  Table  I.,  therefore,  it  was  deemed  best  to  give  both  the 
initial  reaction  of  the  bouillon,  the  approximate  amount  of  dextrose 
and  the  final  reaction.  Some  idea  may  thus  be  gained  of  the  ampli- 
tude of  change  which  the  fluid  underwent  during  the  period  of 
growth  permitted. 

The  culture  vessel  used  at  first  was  a  large  test  tube  placed  in  an 
inclined  position  after  inoculation.  This  was  soon  given  up  for  the 
Erlenmeyer  flask,  in  which  the  depth  of  the  bouillon  was  about  1.5 
centimeters. 

The  toxin  formed  after  ten  to  twelve  days  was  tested  upon  guinea- 
pigs.  The  fluid  was  passed  through  filter  paper  until  clear,  then 
diluted  with  sterile  salt  solution,  so  that  the  quantity  of  toxin  in- 
jected was  contained  in  1  cubic  centimeter.  Usually  0.1  cubic  centi- 
meter of  toxin  was  injected.  The  place  of  injection  chosen  was  the 
left  side  of  the  abdomen.  Great  care  was  exercised  to  deposit  the 
fluid  in  the  subcutis,  and  not  to  prick  the  muscles  of  the  abdominal 
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wall.  A  vascular  injection  of  the  omentum  or  peritoneum  is  usually 
a  result  of  the  introduction  of  some  of  the  fluid  into  the  abdomen. 
When  such  reddening  was  noted  at  the  autopsy,  the  test  was  repeated 
upon  another  animal,  since  death  is  hastened  somewhat  when  this 
occurs.  Guinea-pigs  weighing  between  300  and  350  grammes  were 
used  whenever  possible.  When  larger  ones  had  to  be  used,  the  in- 
crease in  weight  was  duly  taken  into  account. 

From  the  results  of  such  inoculations  the  minimum  fatal  dose  upon 
a  guinea-pig  weighing  300  grammes  was  calculated.  The  calculation 
when  such  bad  to  be  made  was  based  upon  the  fact  that  the  minimum 
fatal  dose  usually  kills  a  guinea-pig  in  from  three  and  one-half  to  six 
days.  If  X  represents  this  dose,  then  a  guinea-pig  which  succumbed 
in  two  and  one-half  days,  or  sixty  hours,  received  J^-s,  and  one  which 
succumbed  in  thirty-six  hours,  ^p.  Guinea-pigs  of  greater  weight  do 
not  necessarily  bear  an  exact  equivalent  increase  of  toxin,  but  usually 
somewhat  less.  In  general,  it  may  be  said  that  the  values  given  as 
the  minimum  fatal  doses  may  err  within  10  per  cent.,  owing  to  various 
factors  which  cannot  be  controlled.  Among  these  is  a  slight  variation 
among  guinea-pigs  in  their  tolerance  of  the  virus,  the  darker  (black, 
or  black  and  red)  animals  being  able  to  stand  about  10  per  cent, 
more  toxin  than  the  white  animals.  Even  if  we  allow  a  variation  of 
10  per  cent,  in  the  values  given  in  Table  I.,  the  general  outcome  of 
the  comparative  study  is  not  made  in  any  sense  untrustworthy. 
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Comparative  Study  of  Forty-two  Cultures  op  Diph- 
theria Bacilli  and  op  Four  Cultures  op  Pseudo- 
DiPHTHKRiA  Bacilli  from  Different  Localities  in 
Massachusetts. 


By  Theobald  Sshth  and  E.  L.  Walker. 


Morphology. 


The  following  description  of  the  morphology  and  the  staining 
peculiarities  of  the  bacilli  studied  is  based  on  microscopic  prep- 
arations from  cultures  of  twenty-four  hours'  growth  at  35°  to  37® 
C.  on  Loffler's  blood-serum  mixture,  uniformly  fixed  and  stained. 
The  cover-slip  preparations  were  dried  in  open  air  at  room  temper- 
ature, fixed  by  heating  twenty  minutes  in  a  dry-air  sterilizer  at  the 
temperature  of  120°  C,  and  stained  eight  minutes  with  LQffler's 
alkaline  methylene  blue  solution.  It  may  be  remarked,  however, 
that  experiment  shows  that  the  method  of  fixation  has  little  if  any 
effect  on  the  outline  of  the  bacillus  or  upon  the  aggregation  of  its 
chromatin,  and  consequently  upon  the  irregularity  of  its  staining. 

In  length  the  diphtheria  bacilli  vary  from  1.5 /i  to  13//,  and  for 
the  purpose  of  description  it  is  convenient  to  distinguish  three 
groups :  short  bacilli,  including  all  bacilli  under  2  //  in  length ; 
bacilli  of  medium  length,  including  all  bacilli  between  2  //  and  4.5  // ; 
and  long  bacilli,  including  all  bacilli  over  4.5  //  in  length.  Bacilli 
in  culture  No.  33  are  rather  remarkable  for  their  length,  averaging 
7.5  )U  to  10  ^y  while  a  few  were  found  as  long  as  13  //. 

It  may  be  said  of  diphtheria  bacilli  in  general  that  there  appears 
to  be  a  tendency  for  the  shorter  bacilli  to  become  swollen  at  the 
middle  and  for  the  long  bacilli  to  become  swollen  at  the  ends ;  and 
that  the  short  bacilli  are  usually  straight,  while  the  long  bacilli  are 
usually  curved  or  bent  at  an  obtuse  angle. 

Comparison  on  the  basis  of  length,  outline  and  manner  of  stain- 
ing allows  the  bacilli  of  the  forty-two  virulent  cultures  to  be  divided 
into  three  types,  of  which  the  following  description  may  be  given  :  — 
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Type  L — Bacilli  of  medium  length,  straight,  cylindrical  or 
slightly  swollen  in  the  middle,  with  blunt  ends,  and  with  intensely 
stained  granules  in  an  otherwise  uniformly  but  less  deeply  stained 
cell.  In  the  shorter  bacilli  of  this  type  these  granules  are  usually 
situated  at  the  ends  of  the  rod,  one  at  each  end ;  but  in  the  longer 
bacilli  there  may  be,  in  addition  to  these  polar  granules,  one  or 
more  interpolar  granules.  These  deeply  stained  bodies  are  usually 
of  less  diameter  than  the  thickness  of  the  bacillus,  but  may  be  of 
greater  diameter,  swelling  the  bacillus  at  the  points  where  they  are 
situated. 

Type  IL  — Bacilli  long,  slender,  curved,  more  or  less  swollen  at 
one  or  both  ends,  and  with  alternating  stained  and  unstained  (or 
faintly  stained)  cross-segments. 

Type  HI.  —  This  includes  seven  of  the  forty-two  cultures.  Bacilli 
are  of  various  lengths,  swollen  in  the  middle,  with  tapering  ends,  and 
with  broad,  unstained  terminal  and  intermediate  segments.  These 
unstained  terminal  segments  may  be  so  extensive  that  a  body  simu- 
lating a  nucleus  in  the  middle  of  the  cell  is  the  only  stained  portion. 
More  often  the  cell  may  consist  of  two  stained  and  three  unstained 
cross-bands.  The  staining  of  this  type  differs  from  that  of  Type  H., 
in  that  the  alternating  segments  of  Type  II.  are  narrow  and  numer- 
ous and  the  terminal  ones  are  always  stained. 

Modifications  of  these  types  and  intermediate  forms  occur  even 
among  bacilli  of  the  same  culture,  but  in  nearly  every  case  one  form 
predominates  sufficiently  to  allow  the  culture  to  be  ranged  under  one 
of  these  three  types.  In  the  routine  work  of  bacteriological  diag- 
nosis of  diphtheria,  as  carried  on  under  the  direction  of  the  State 
Board  of  Health,  Type  I.  and  its  modifications  are  found  in  about  90 
per  cent,  of  the  positive  cases  and  bacilli  of  Type  II.  make  up  the 
greater  part  of  the  other  10  per  cent.  Bacilli  of  Type  III.  are  very 
infrequently  found.  This  classification  holds  good  for  young  cultures 
on  Loffler's  serum  mixture  only. 

Bacilli  belonging  to  these  three  types  have  so  far  proved  virulent 
to  guinea-pigs  when  tested  according  to  the  methods  given  in  another 
part  of  the  text.  But  besides  these  a  certain  number  of  bacilli  (Nos. 
3,  4,  39  and  44  of  the  tables)  have  been  isolated  which  are  non- 
pathogenic, and  which  belong  to  the  class  of  pseudo-diphtheria 
bacilli  described  farther  on. 
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Toxin-producing  Power. 

The  toxicity  of  the  culture  fluid  of  the  forty-six  cultures  after  an 
incubation  at  35°  C.  for  ten  to  twelve  days  ranged  as  follows,  the 
300-gramme  guinea-pig  being  the  basis  of  the  computations :  — 

Cable 
Centimeters. 

In  one  the  minimum  fatal  dose  is 036-.04 

In  one  the  minimum  fatal  dose  is 045 

In  five  the  minimum  fatal  dose  is 050 

In  five  the  minimum  fatal  dose  is 060 

In  four  the  minimum  fatal  dose  is 070 

In  four  the  minimum  fatal  dose  is 075 

In  eleven  the  minimum  fatal  dose  is 080 

In  two  the  minimum  fatal  dose  is 090 

In  four  the  minimum  fatal  dose  is 100 

In  five  the  minium  fatal  dose  is 120 

In  (our  no  toxin  was  formed. 

Leaving  aside  for  the  moment  the  non-pathogenic  forms,  we  notice 
in  this  summary,  first  of  all,  a  considerable  uniformity  in  the  toxin- 
producing  power.  It  is  true  the  strongest  toxin  producer  accumulates 
three  times  as  much  toxin  as  the  weakest,  but  only  one  of  such . 
strength  was  found.  It  will  be  noticed  also  that  the  greater  number 
of  bacilli  studied  produce  an  0.08  cubic  centimeter  toxin.  If  we 
group  the  cultures  as  follows,  — 

CultQret. 

.036 -.06  cubic  centimeter  toxins,        .......     12 

.070-. 09  cubic  centimeter  toxins, 21 

.100-.  12  cubic  centimeter  toxins, 9 

the  predominance  of  the  middle  group  is  better  brought  out. 

Cultures  of  much  greater  toxin-producing  power  have  been  isolated 
by  Park  and  Williams.  Of  these,  the  minimum  fatal  dose  is  re- 
ported to  range  from  0.002  to  0.01  cubic  centimeter.  It  is  not  stated 
whether  these  cultures  produced  this  amount  of  toxin  at  the  outset, 
or  after  periods  of  artificial^  cultivation. 

By  comparing  these  figures  with  the  results  of  earlier  observers, 
the  greater  efficiency  of  the  method  described  appears  in  striking 
relief.  Experimenters  when  first  preparing  antitoxin  had  some  dif- 
ficulty in  finding  bacilli  whose  toxin  would  yield  a  minimum  fatal 
dose  of  0.08  to  0.1  cubic  centimeter.  In  the  series  here  recorded 
only  five  out  of  forty-two  fell  below  this  mark. 

Although  the  clinical  records  of  the  cases  from  which  the  bacilli 
came  are  very  meagre,  they  suffice  to  show  that  any  direct  relation 
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between  toxin  production  and  severity  of  the  disease  is  not  obvious. 
This  has  been  the  inference  of  observers  before  us  (Wright,  Park 
and  very  recently  Timaschew  *),  and  we  are  able  to  confirm  it  after 
the  application  of  more  uniform  and  exact  methods.  This  is  what 
might  be  expected  when  we  contemplate  the  complex  nature  of  the 
disease  process,  the  many  factors  which  may  enter  into  it,  both  on 
the  part  of  the  patient  and  the  invading  bacilli.-  There  is  one  factor » 
for  instance,  which  may  modify  the  course  of  the  disease,  and  there- 
fore make  any  present-day  estimates  untrustworthy,  —  namely,  anti- 
toxin. If  applied  early  enough,  it  may  convert  a  potentially  serious 
case  into  a  mild  one,  in  spite  of  a  virulent  organism.  Antitoxin  was 
used  in  nearly  every  case  from  which  bacilli  were  studied,  but  the 
time  of  administration  and  the  number  of  units  injected  were  not 
reported  excepting  in  a  few  cases,  so  that  the  facts  on  hand  are  not 
worth  any  serious  study.  All  that  can  be  said  is  that  the* toxin- 
producing  power  of  bacilli  from  mild  and  from  severe  cases  varies 
but  little,  and  that  all  throat  affections  must  be  regarded  equally 
dangerous  if  diphtheria  bacilli  are  present. 

The  Toxin-producing    Power  of  Bacilli    persisting    in  the 

Throat  after  Recovery. 

Much  interest  has  been  aroused  by  the  patients  in  whose  throats 
diphtheria  bacilli  may  be  found  a  variable  length  of  time  after  sub- 
sidence of  all  symptoms  of  disease.  Loffler,  in  his  iuvestigation  of 
the  aetiology,  found  diphtheria  bacilli  in  the  throat  of  a  healthy  child. 
Roux  and  Yersin  first  called  attention  to  the  persistence  of  diph- 
theria bacilli  after  recovery,  but  they  dissemiuated  the  impression 
that  there  was  a  gradual  attenuation  goiug  on  which  eventually  made 
them  harmless.  That  this  may  be  true  in  certain  cases  is  not  dis- 
puted, otherwise  it  would  be  difiScult  to  account  for  the  presence,  in 
the  mouth  of  some  healthy  persons,  of  bacilli  in  no  way  distinguish- 
able from  those  associated  with  disease  processes  except  by  an 
absence  of  virulence. f  This  attenuation  has  not  been  observed  by 
subsequent  investigators,  however,  and  no  reliance  can  be  placed 
upon  it  to  purge  the  throat  of  the  recovered  case  of  its  infectious 
character. 

Among  the  forty-six  cultures  studied  there  were  eleven  made  from 
the  throat  fifteen  to  sixty-two  days  after  the  appearance  of  the  dis- 

•  **  CeDtralblatt  f.  Bakteriologie/'  XXI.  (1897)»  page  623. 
t  Park  and  Beebe,  he,  cit,,  page  87. 
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ease.  Owing  to  the  meagre  records  retained,  it  is  impossible  to  state 
how  long  after  the  subsidence  of  the  symptoms  the  bacilli  were  ob- 
tained from  the  throat;  but  by  a  reference  to  Table  U.,  where  the 
relative  severity  of  each  case  is  noted,  some  idea  may  be  gained  by 
the  reader  of  the  probable  duration.  The  following  table  sum- 
marizes these  cases.  It  includes  two  from  which  harmless  pseudo- 
forms  were  obtained :  — 


NUMBBK  or  CULTDKll. 


Date  of  Earliest 
STmptoms. 


Date  of  Culture. 


Intenral 

(In 
Days). 


Minimam  t^ 
Fatal  Dose  of 
Toxin  (Cobio 
Centimeters). 


23, 
24. 
26, 
27, 
34, 
36, 
89, 
40, 
42, 
43, 
44, 
46, 
46, 


July 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Nov. 

Dec. 

Dec. 

Feb. 

Feb. 

Feb. 

Jan. 


12, 1896. 
14, 1896. 
28, 1896. 
27, 1896. 
22, 1896. 
16, 1896. 
22, 1896. 
18, 1896. 

31. 1896. 

20. 1897. 
8, 1897. 
9, 1897. 

29, 1897. 


Aug. 

Sept. 

Oct. 

Oct. 

Nov. 

Nov. 

Dec. 

Jan. 

Jan. 

March 

March 

March 

April 


3, 1896. 

22 

9, 1896. 

67 

19, 1896. 

62 

19, 1896. 

22 

17, 1896. 

26 

30, 1896. 

16 

29, 1896. 

37 

4, 1897. 

17 

16, 1897. 

16 

19, 1897. 

27 

26,  1897. 

46 

23, 1897. 

42 

1,  1897. 

62 

.07 

.08 

.06 

.06 

.06 

.08 
Not  toxic. 

.12 
07 

.08 
Not  toxic. 

.08 

.08 


If  we  exclude  the  harmless,  non-toxic  cultures  (Nos.  39,  44), 
which  will  be  discussed  farther  on,  we  observe  that,  so  far  as  toxin 
production  is  concerned,  the  length  of  time  the  bacilli  have  sojourned 
in  the  throat  has  no  tendency  to  reduce  it  below  the  average.  This 
is  still  better  brought  out  by  arranging  the  cultures  in  the  following 
groups : — 


Oboup. 


Days  after 

Beginning  of 

Disease. 


Namber  of  the 
Coltare. 


Toxicity  (Cubic 
Centimeten). 


I., 


11m 


m,. 


15  to  20 


20  to  80  i 


60  to  62 


35 
40 
42 
23 
27 
34 
43 
24 
26 
46 
46 


.08 
.12 
.07 
.07 
.06 
.05 
.08 
.08 
.06 
.08 
.08 
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Still  more  to  the  point  are  cultures  Nos.  22  and  23,  which  were 
isolated  from  the  same  case,  one  three,  the  other  twenty-two,  days 
after  the  onset  of  the  disease.  Here  the  toxin  production  was  prac- 
tically the  same  for  both  cultures. 

Pseudo-Diphtheria  Bacilli. 

From  the  table  it  will  be  seen  that  four  of  the  forty-six  cultures 
isolated  were  found  to  be  pseudo-diphtheria  bacilli.  It  does  not  lie 
within  the  scope  of  this  paper  to  discuss  at  length  the  relation  be- 
tween the  true  diphtheria  bacillus  and  the  pseudo-diphtheria  bacillus. 
A  very  good  discussion  will  be  found  in  the  work  of  Park  and  Beebe, 
to  which  the  reader  is  referred.  Since  its  appearance  nothing  new 
has  been  added  to  this  subject.  These  bacilli,  however,  influence  to 
a  certain  degree  the  interpretation  of  problems  in  public  sanitation, 
so  that  a  brief  reference  to  them  becomes  necessary. 

These  bacilli,  generally  known  as  pseudo-diphtheria  bacilli,  are 
short  rods  (1.5  //  to  3  //),  with  rounded  or  tapering  ends  (often  oval 
in  culture),  and  uniformly  stained,  or  with  a  single  narrow,  un- 
stained cross-segment.  A  few  cylindrical,  pear  and  hour-glass 
shaped  bacilli  are  occasionally  seen ;  but  involution  forms  are  not 
marked,  even  in  old  cultures.  They  are  distinguished  from  diph- 
theria bacilli  by  being  shorter,  smaller,  more  uniform  in  size,  shape 
and  manner  of  staining,  and,  as  pointed  out  by  Escherich,  by  a 
tendency  to  lie  parallel  in  cover-slip  preparations.  These  bacilli 
are  of  occasional  occurrence,  both  in  the  throats  of  patients  suffer- 
ing from  non-diphtheritic  throat  affections  and  in  true  diphtheria 
mingled  with  the  Klebs-Loffler  bacilli.  They  are,  however,  almost 
always  present  in  small  numbers,  while  the  diphtheria  bacilli,  in 
recent  cases,  are  usually  present  in  large  numbers  and  well  differ- 
entiated. It  is  only  in  convalescent  cases  of  long  duration  that  the 
pseudo-diphtheria  bacilli  are  likely  to  cause  doubt.  They  might  be 
mistaken  for  the  last  few  remaining  diphtheria  bacilli,  or  the  reverse 
might  occur.  A  few  remaining  virulent  forms  may  be  regarded  as 
pseudo-forms.  Diphtheria  bacilli  directly  from  the  membrane  from 
the  throat,  or  from  cultures  scarcely  at  all  developed,  sometimes 
resemble  quite  closely  the  pseudo-diphtheria  bacilli  in  morphology 
and  staining. 

The  morphological  differences  are  reinforced  by  at  least  two  bio- 
logical differences  of  importance,  —  the  absence  of  any  power  to 
produce  acids   in   bouillon  containing  dextrose,  and   the   lack   of 
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pathogenic  power.  In  Table  I.  it  will  be  seen  that  all  toxin-pro- 
(lucing  bacilli,  when  multiplying  in  bouillon  containing  1  per  cent, 
dextrose,  produce  a  considerable  amount  of  acid,  ranging  from  3.5 
to  5  per  cent,  of  a  normal  acid  solution  when  phenolphthallein  is 
used  as  an  indicator.  A  few  cultures  were  found  which  produce 
between  5  and  6  per  cent.  The  pseudo-diphtheria  bacilli  produced 
no  acid  under  the  same  circumstances.  The  culture  slowly  becomes 
more  alkaline,  as  shown  in  the  table  (Nos.  3,  4,  39,  44).  The 
culture  fluid  of  these  bacilli  was  likewise  free  from  toxin.  Guinea- 
pigs  which  received  from  six  to  twelve  times  the  average  fatal  dose 
of  the  virulent  cultures  showed  no  trace  of  infiltration  at  the  place 
of  injection  and  no  loss  in  weight. 

Though  there  are  these  three  distinctive  features  of  pseudo- 
diphtheria  bacilli,  —  characteristic  morphology,  absence  of  acid  and 
of  toxin  production,  —  it  is  not  a  simple  matter  to  recognize  them  as 
such  promptly  under  the  microscope  when  taken  from  throat  cult- 
ures, unless  the  observer  has  had  considerable  training.  It  is  highly 
probable,  therefore,  that  Boux  and  Yersin  in  their  earlier  work  may 
have  mistaken  pseudo-diphtheria  bacilli  for  true  diphtheria  bacilli, 
when  they  found  virulent  and  non-virulent  forms  together  in  the 
throats  of  convalescents.  This  may  explain  their  at  that  time  quite 
natural  position,  —  that  the  virulent  forms  were  being  transformed 
into  non-virulent  forms.  In  two  of  the  cases  tabulated  above  (Nos. 
39  and  44)  the  pseudo- diphtheria  bacilli  were  isolated  respectively 
thirty-seven  and  forty-five  days  after  the  beginning  of  the  disease. 
Here,  without  a  more  profound  study  of  the  cultures,  the  belief 
might  gain  the  upper  hand  that  the  cultures  represented  diphtheria 
bacilli  which  had  lost  their  virulence.  This  position  can  no  longer 
be  upheld,  and  we  must  accept  or  at  least  act  upon  the  presumption 
that  the  pseudo-diphtheria  bacilli  belong  to  a  wholly  different  group 
of  bacilli,  and  that  a  loss  of  pathogenic  power  of  the  genuine  forms 
does  not  take  place  in  the  mouth  for  months  after  the  subsidence  of 
the  disease,  when  such  forms  persist  after  recovery. 

Of  the  non-virulent  but  otherwise  characteristic  diphtheria  bacilli, 
described  by  Park  and  Beebe  and  by  others  more  recently,  none 
have  come  under  observation. 
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REPORT 


TJPOX  THS 


PRODUCTION  AND  USE    OF  ANTITOXIN, 


rOB  THS 


Twelve  Months  ending  March  31,  189 ?• 


This  second  report  upon  this  subject  is  intended  to  present  the 
practical  details  of  the  work  of  the  Board  in  this  direction  for  the 
space  of  one  year,  following  immediately  after  the  termination  of 
the  first  summary  presented  in  the  last  annual  report.  The  un- 
avoidable delay  in  publishing  the  annual  reports,  which  contain 
accounts  of  the  general  work  of  the  Board  for  the  different  years  of 
official  work,  permits  the  extension  of  the  time  of  this  portion  up  to 
the  first  of  April.  Another  reason  for  this  method  of  presentation 
exists  in  the  fact  that  the  Board  began  the  first  distribution  of  its 
antitoxin  at  that  season  of  the  year  (about  April  1,  1895). 

The  general  supervision  of  the  production  of  antitoxin  for  the 
Board  throughout  the  year  has  been  in  charge  of  Dr.  Theobald 
Smith,  assisted  by  J.  B.  Stewart,  and  the  work  has  been  performed 
at  the  bacteriological  laboratory  of  the  Board,  at  the  Bussey  Institute. 
The  minor  details  of  the  work  (labelling,  packing,  mailing,  record- 
ing and  correspondence)  have  been  performed  at  the  office  of  the 
Board,  at  the  State  House. 

The  strength  of  the  serum  issued  during  the  year  embraced  in  this 
report  was  maintained  substantially  at  a  uniform  standard  of  100 
units  per  cubic  centimeter. 

A  considerable  quantity  of  a  weaker  serum,  having  a  strength  of 
60  to  80  units  per  cubic  centimeter,  has  also  been  prepared  and 
furnished  for  use  to  such  authorities  as  have  desired  it  for  the  pur- 
pose of  immunization  only. 

During  the  early  part  of  1895  the  Board  had  issued  antitoxin  to 
the  Boston  City  Hospital  for  use  in  its  contagious  disease  depart- 
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ment,  but  this  demand  ceased  as  soon  as  the  city  board  of  health 
began  issuing  antitoxin. 

That  the  use  of  antitoxin  is  steadily  increasing  and  that  this  thera- 
peutic agent  is  growing  in  favor  among  physicians  is  shown  by  the 
fact  that  the  number  of  packages  issued  by  the  Board  has  nearly 
doubled,  when  the  figures  of  1896  are  compared  with  those  of  1895. 
Nor  is  this  due  to  an  increase  in  the  prevalence  of  diphtheria  during 
these  two  years,  since  the  return^  of  deaths  received  at  the  time  of 
writing  this  report  indicate  a  lessened  mortality  from  this  cause. 

It  is  to  be  regretted  that  the  returns  of  cases  treated  by  physi- 
cians are  very  much  smaller  in  number  than  the  actual  number  of 
cases  treated,  the  ratio  of  returns  to  cases  treated  being  even  less 
than  that  of  1895,  if  the  number  of  bottles  issued  is  an  indication 
of  the  number  used.  The  statements  as  to  the  probable  cause  of 
this  deficiency,  which  were  published  in  the  last  annual  report,  are 
quite  as  applicable  to  the  conditions  prevailing  in  1896. 

The  total  amount  of  diphtheria  antitoxin  issued  by  the  Board  dur- 
ing the  year  ended  March  31,  1897,  was  3,245  bottles,  containing 
in  all  about  35,000  cubic  centimeters  of  serum,  nearly  all  of  which 
was  of  a  uniform  strength  of  100  units  per  cubic  centimeter.  This 
serum  was  distributed  to  local  boards  of  health  and  to  physicians  in 
the  following  cities  and  towns  :  — 

Showing  Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  from  April  I, 

1896,  to  March  31, 1897, 


ClTT  OB  Town. 


Namber 
Bottlei. 


Boston : 
OhUdren's  HoiplUl,     .       •       • 
General  supply,    •       .       •       . 

Cambridge,       .       .       .       .       • 

Lynn,  ' 

Worcester, 

Newton, 

Waltham 

Everett 

Pittsfleld, 

SomervlUe,       .       .       •       .       . 

Fltehbnrg, 

Wobnm, 


283 
89 
270 
190 
169 
1S2 
120 

lis 

102 
98 
96 
85 


ClTT  OB  TOWW. 


Number 
Itoitlet. 


Hyde  Park, 
Beverly,  • 
Springfield, 
Weymouth, 
Danvers,  . 
Tannton,  . 
tfedford,  . 
Amesbary, 
Brookline, 
Chelsea,  . 
Lowell,  . 
Haverhill, . 
Salem. 


09 
07 
00 

02 
01 
00 
48 
47 
45 
45 
45 
45 
45 
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Showing  Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  from  April  i, 

1896,  to  March  31,  i ^5 7  — Concluded. 


ClTT  OR  Town, 

North  Adams, 

Maiden, •       . 

WatertowQ, 

Ware, 

Mllford, 

Adams, 

Qulnoy, 

Marlboroagb, 

Brockton, 

Holbrook, 

Tewksbury, 

Wlncbester, 

Randolph, 

Peabody, 

New  Bedford, 

Bedford 

Wloehendon, 

Lawrence,         ..••.. 
Marblehead,      ...... 

Dedham, 

Stoneham,         

Holyoke 

Wakefield, 

Clinton, 

Hanover, . 

Norwood,  ....... 

Bingham, 

Warren, 

Weatfleldy 

WlDthrop, 

Lexington, 

Arlington, 

Fr»mlngham, 

I^eomlnster,  .       .       .       . 

North  Attleborough,       •       .       .       . 


Number 
Bottles. 


42 
41 
88 
88 

84 
81 
81 
28 
28 
25 
24 
28 
10 
17 
17 
10 
10 
18 
18 
16 
14 
14 
14 
14 
18 
12 
12 
18 
11 
11 
11 
11 
11 
11 
10 


ClTT  OR  TOWW, 

Milton,       .... 

Natlck 

Sonthbridge,  . 
Attleborough,  . 
Acton,       .       .       . 

Ayer 

Concord,    .... 

Bdgartown, 

Norwell,    .... 

Rockport 

Groton,     .... 
Braintree, .... 
Northampton,  .       . 
Weet  Brookfield,      . 

Whitman 

Westborongh,  . 
Rockland, .... 
Wlothrop,         .       • 
Bast  Bridgewater,    . 
Monson,    .... 
Shirley,     .... 
Rockland, .... 

Westford 

Revere,      .... 
ninsdale,  .... 
Andover,  .... 
Cottage  Olty,    . 
Middleborongh, 
Georgetown,     . 
Harvard,   .... 
Abington, .... 
Westminster,    .       .       . 
FozboroQgh,     .       .       . 
Total, 


Number 
Uuiiles. 


10 
0 
0 
7 
7 
7 
7 
7 
0 
0 
0 
6 
5 
6 
5 
6 
6 

•  6 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


8,219 
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The  foUowiDg  list  presents  the  Dames  of  the  cities  and  towns  from 
which  detailed  reports  were  received  relative  to  the  use  of  anti- 
toxin, with  the  number  from  each  town  and  the  number  of  phy- 
sicians reporting  in  each  during  the  year  ended  March  31,  1897  :  — 


List  of  Cities  and  Towns  from  which  Report^  have  been  received  relative  to  the  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria,  with  the  Number  of  Reports  frotn 
Each  and  the  Number  of  Physicians  reporting  in  Each. 


Plaobi. 

Number  Physi- 
cians   report- 
ing. 

Cases  In  which 
Cultures  were 
made. 

Cultures  were 
not  made. 

Plaobs. 

Number  Physi- 
cians   report- 
ing. 

Casrs  In  which 
Cultures  were 
made. 

Cultures  were 
nut  made. 

1 

Lynn, 

6 

12 

42 

Ware,     . 

- 

8 

Woburn, 

8 

8 

24 

Ayer, 

8 

- 

Worcester, 

14 

89 

- 

Qnincy,  . 

- 

4 

Waltham, 

« 

22 

11 

MUton,    . 

8 

2 

Medford, 

7 

10 

22 

Lexington,     . 

2 

1 

Chelsea,  . 

, 

2 

10 

1 

Newton, . 

2 

- 

Bverett,  . 

4 

9 

8 

Framingham, 

- 

8 

Tewksbury, 

S 

9 

- 

Randolph, 

- 

8 

Cambridge,    . 

6 

9 

4 

Wakefield,     . 

% 

2 

Havvhill.      « 

0 

6 

18 

Westborongh, 

2 

- 

Weymoath,    . 

2 

- 

11 

Sonthbrldge,  . 

2 

- 

Winchester,  . 

2 

8 

9 

Beverly, . 

2 

1 

North  Adams, 

6 

2 

8 

Holyoke, 

1 

«• 

Adama,  . 

2 

8 

7 

Agawam, 

2 

- 

Danvers, 

8 

7 

1 

Tannton, 

1 

Lowell,  . 

6 

6 

2 

Boaton,   . 

1 

Watertown,    . 

2 

0 

1 

Marlborough, 

1 

Bedford, 

1 

6 

7 

Hyde  Park,    . 

1 

BomervUIe,     . 

8 

2 

7 

Mlddleborough,     . 

1 

Ameabary,     , 

4 

- 

« 

Weatford, 

1 

Bprlogfleld,    . 

7 

1 

6 

Natlok,   .       .       . 

1 

- 

Maiden,  • 

4 

- 

6 

Belmont, 

- 

1 

- 

Balem,     . 

6 

2 

12 

Arlington, 

1 

1 

- 

Pittsfleld, 

2 

- 

6 

Bradford, 

1 

2 

1 

- 

Braintree,      . 

1 

2 

6 

1 

'  Clarksburg,    .       • 

- 

1 

- 

Fltohbnrg, 

2 

8 

4 

Hiogham, 

- 

1 

•> 

Millbary, 

8 

8 

2 

Baat  Bridgewater, 

1 

- 

1 

Holbrook, 

1 

- 

4 

Lawrence, 

1 

- 

1 
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List  of  Cities  and  Towns  from  which  Reports  have  been  received  relative  to  the  Use 
ofAnliioxin  in  the  Treatment  of  Diphtheria^  with  the  Number  of  Reports  from 
Each  and  the  Number  of  Physicians  reporting  in  Each  —  Concluded. 


FLAOSI. 


WilliamstowD, 

New  Bedford 

niDBdale» 

Brockton, 

Welletley, 

WreothuD, 

Chicopee, 


•51^ 

u 


1 
1 


Si 


1 
1 
1 
1 
1 
1 
1 


PLACS8. 


AtUeboroogb, 
West  Spriogfleld,  . 
Dalton,    . 
Mllford,  . 

North  Attleboroagb, 
Tyni^borough, 
Total, 


JS 


a  o-S 


IS 
%* 

—  a  • 


2 
1 
1 
1 


162 


205 


u 

9 

m  2 

aO 
O 


1 
1 
1 


268 


Cases  in  which  a  Bacterial  Examination  was  made. 

Following  the  same  method  of  cla8si6cation  which  was  adopted  in 
the  report  of  the  previous  year,  the  cases  in  which  cultures  were 
made  are  classified  into  those  which  proved  on  examination  to  be 
cases  of  genuine  diphtheria  and  those  which  did  not;  in  other 
words,  into  positive  and  negative  cases. 

Diagnostic  examinations  by  means  of  culture  were  made  in  205 
of  the  cases  reported,  and  of  these,  189  proved  to  be  cases  of  gen- 
uine diphtheria  and  16  gave  a  negative  result. 


Positive  Cases* 

Of  the  189  cases,  there  were  167  recoveries  and  22  deaths,  or  11.6 
per  cent.,  —  a  slight  improvement  over  the  results  of  the  previous 
year,  which  was  13.7  per  cent. 

Sex.  —  The  number  of  males  was  76  and  the  deaths  of  these  were 
11,  or  14.5  per  cent.,  which  was  almost  identical  with  the  14.4  per 
cent,  of  the  previous  year.  The  females  were  109,  and  the  deaths 
of  these  were  9,  or  8.9  per  cent.,  as  compared  with  12.6  per  cent, 
in  1895.     The  sex  of  four  was  not  stated.     Two  deaths. 

Ages.  —  The  following  table  presents  the  cases  and  deaths  by 
ages :  — 
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Tear  ending  March  31, 1897, 


AoB  Periods. 


Fatality 
(Per  Cent.). 


From  0  to    2  years, 
From  2  to    6  years, 
From  5  to  10  years, 
Over  10  years,  . 
Age  unknown,  . 


17 

3 

63 

9 

47 

7 

60 

3 

2 

0 

189 

22 

17.6 

14.3 

14.9 

6.0 

0.0 


11.6 


Of  those  who  were  more  than  ten  years  of  age,  33  were  between 
ten  and  twenty,  16  were  between  twenty  and  thirty,  6  were  between 
thirty  and  forty,  3  were  between  forty  and  fifty,  1  was  58  and  1  was 
of  unknown  age.  Of  the  fatal  cases  in  this  class,  1  was  eleven,  1 
was  twenty-three  and  the  remaining  1  was  forty-three  years  old. 

Day  of  Illness  when  Antitoxin  was  first  administered*  —  The  fol- 
lowing table  presents  the  fatality,  according  to  the  day  of  illness  on 
which  antitoxin  was  first  administered :  — 


Day. 

Casei. 

Deaths. 

Fatality 
(Per  Cent). 

Fatality 
(Per  Cent.). 

• 

First, 

22 

0 

0.0 

0.0 

Second,    , 

42 

4 

9.6 

9.7 

Third,      , 

36 

3 

8.3 

8.7 

Fourth, 

22 

6 

22.7 

15.4 

Fifth,       . 

6 

0 

0.0 

22.2 

Sixth, 

7 

1 

14.3 

20.0 

Seventh, 

4 

1 

25.0 

33.3* 

Eighth  and  later. 

6 

1 

16.6 

"■ 

*  Seventh  day  and  later. 

This  table  relates  only  to  those  cases  in  which  a  definite  statement 
is  given  as  to  the  day  on  which  the  antitoxin  was  first  employed. 

The  small  numbers  in  the  lower  part  of  this  table  have  but  little 
significance  as  compared  with  the  larger  numbers.  They  are  re- 
tained, however,  with  the  hope  that  the  grouping  of  several  years* 
experience  will  prove  more  valuable. 

Fatality  in  Hospital  and  in  Private  Practice.  —  The  fatality  of 
the  positive  cases  treated  in  hospitals  was  as  follows :  cases,  39 ; 
deaths,  2  =  5.1  percent.  In  private  practice:  cases,  150;  deaths, 
20  =  13.3  per  cent. 
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Seasons  of  the  Year.  —  The  cases  embraced  in  the   foregoing 
enumeration  occurred  in  the  following  order :  — 


Months. 

Cases. 

Deaths. 

Months. 

Gases. 

Deaths. 

1S9«. 

ISM. 

April,       .... 
May,         .... 

7 

2 

October,. 

24 

4 

6 

1 

November,     . 

27 

2 

June,        .... 

6 

0 

December, 

26 

0 

July,        .... 

10 

1 

August,    .... 

8 

0 

1S97. 

September, 

11 

2 

January,         . 

28 

3 

February, 

19 

8 

\ 

March,    .... 

• 

19 

4 

47 

6 

142 

16 

By  this  table  it  appears  that  there  were  47  cases  and  G  deaths 
among  positive  cases  in  the  warmer  months,  and  142  cases  with  16 
deaths  in  the  colder  months. 

Negative  Cases. 

The  number  of  cases  in  which  a  negative  result  was  obtained  was 
16.  Two  cases  were  excluded  from  the  full  number  of  18  and 
placed  in  the  group  of  positive  cases,  where  the  history  and  the 
clinical  statement  clearly  indicated  genuine  diphtheria.  There  was 
also  one  case  in  which  a  negative  result  was  obtained,  in  which  the 
package,  through  the  carelessness  of  an  expressman,  was  frozen  in 
its  transit  to  the  State  House.  There  were  no  deaths  among  the^e 
16  negative  cases. 

Summary  of  the  Two  Years,  ending  March  31,  1897. 

Positive  Cases  treated  with  Antitoxin. 

Whole  number  for  the  two  years,  451 ;  deaths,  58  ;  fatality,  12.8 
per  cent. 

Sex.  — The  fatality  by  sexes  was  as  follows  :  — 


Sex. 


Deaths  FaUUty 

lieaiDs.       (Percent). 


Males, 
Females, 


201 
244 


14.4 
10.9 


The  sex  of  six  was  not  stated. 
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Ages.  —  The  fatality  by  ages  was  as  follows :  — 


AOB  PSKIODS. 

Gates. 

DmUu. 

FaUUty 
(Per  Cent.). 

0-  2  years, 

2-  6  years, 

6-10  years, 

Over  10  years, 

Age  unknown, 

47 

134 

138 

127 

5 

12 

25 

16 

5 

0 

25.6 

18.7 

11.6 

3.9 

^       0.0 

451 

58 

12.8 

Hospitals  and  Private  Practice. 

Cases. 

Deaths. 

FataUty 
(Per  Cent). 

In  hospitals, 

In  private  practice, 

124 
325 

17 
41 

13.7 
12.6 

Cases  in  which  no  Bacteriological  Examination  was  made. 

"Reports  were  made  of  268  cases  where  antitoxin  was  employed,  in 
which  no  cultures  were  taken.  Out  of  this  number  there  were  30 
<;ases  which  proved  fatal,  or  11.2  per  cent,  of  the  whole.  This 
number  differs  but  little  from  that  of  1895  for  the  same  class  of 
cases,  that  of  1895  having  been  11.7  per  cent.  There  were,  how- 
ever, 3  of  the  cases  which  occurred  in  this  class  in  1896  which  may 
properly  be  rejected  from  consideration,  since  the  patient  was  at  the 
point  of  death  in  each  case  at  the  time  of  administration  of  the  anti- 
toxin. The  following  terms  were  employed  in  the  returns  in  de- 
scribing these  cases  :  "  moribund,"  "  comatose,"  and  **  dyinsj  at  the 
time  of  administration."  It  would,  therefore,  be  proper  to  reject 
such  cases  as  being  beyond  the  power  of  remedial  agencies  of  any 
sort.  The  rejection  of  these  3  cases,  therefore,  would  reduce  the 
number  of  cases  to  265  and  the  deaths  to  27,  or  10.2  per  cent. 

Sex,  — The  number  of  males  in  this  class  was  111  and  the  deaths 
of  these  were  14,  or  12.6  per  cent.  The  number  of  females  was 
142  and  the  deaths  of  these  were  13,  or  9.2  per  cent.  The  number 
of  those  whose  sex  was  unknown  or  not  stated  was  12,  and  there 
were  no  deaths  of  these. 

Ages. — The  following  table  presents  the  cases  and  fatality  by 
ages :  — 
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Aos  Pbbiodi. 


FaUUtT 
(Per  Ceni). 


From  0  to  2  years, 
From  2  to  5  years, 
From  5  to  10  years, 
Over  10  years,    . 
Age  unknown,    . 


28 

3 

83 

16 

88 

/) 

62 

4 

4 

0 

265 

27 

10.7 

18.1 

6.7 

6.6 

0.0 


10.2 


Of  those  who  were  over  ten  years  old,  41  were  between  ten  and 
twenty  years,  10  were  between  twenty  and  thirty,  7  were  between 
thirty  and  forty,  2  were  between  forty  and  fifty,  1  was  sixty  and  an- 
other was  seventy-three. 


D<^y  of  Illness  when  Antitoxin  was  first  administered. 

The  cases  and  deaths,  distributed  according  to  the  day  of  illness 
when  antitoxin  was  first  administered,  are  presented  in  the  following 
table :  — 

Day  of  Illness  when  Antitoxin  was  first  administered. 


DAT. 


FataUtj 
(Per  Cent). 


First,  . 

Second, 

Third, 

Fourth, 

Fifth, . 

Sixth, . 

Seventh  and  later. 

Unknown,  . 


40 

1* 

64 

2 

26 

3 

27 

6 

11 

2 

9 

2 

12 

6 

87 

6 

266 

27 

2.6 
3.7 
12.0 
22.2 
18.2 
22.2 
41.7 
9.0 


10.2 


*  This  fatal  case  was  that  of  a  man  thirty  years  of  age,  and  of  extremely  intemperate  habits. 
The  reporter  states  that,  in  his  opinion,  the  man  would  have  recovered  if  it  had  not  been  for 
this  fact. 

Of  the  cases  in  which  the  administration  was  delayed  until  the 
seventh  day  or  later,  the  antitoxin  was  used  on  the  seventh  day  in 
4  cases,  on  the  eighth  in  4,  on  the  ninth  in  1  case,  on  the  tenth  in  1 
and  on  the  fifteenth  in  2  cases. 
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Hospitals  and  Private  Practice. 

The  fatality  amoDg  the  private  and  hospital  cases  of  this  class  was 
as  follows :  — 


FaUIlty 
(Per  Cent.). 


Treated  in  hospitals,  . 
Treated  in  private  practice, 


43 
222 

2 
25 

265 

27 

4.7 
11.3 


10.2 


Sequels. 

Id  this  sammary  all  cases  are  considered  together,  those  in  which 
cultures  were  made  and  those  in  which  none  were  made. 

Eruptions.  —  Urticaria  was  reported  as  occurring  in  60  cases,  of 
varying  severity  and  at  greater  or  less  intervals  from  the  time  of  ad- 
ministration of  antitoxin.  In  16  cases  it  was  noted  as  <<  slight,"  or 
at  point  of  injection  only  ;  in  10  cases  it  was  **  copious,"  or  generally 
distributed  over  the  body ;  and  in  the  remainder  its  severity  was  not 
specified.  In  several  cases  it  appeared  as  early  as  the  third  or  fourth 
day,  and  in  1  it  was  delayed  till  the  eighteenth  and  in  another  till 
the  twentieth  day.     It  usually  lasted  from  two  to  five  days. 

Albuminuria  was  reported  in  51  cases.  In  20  it  was  reported  as 
*'  slight,"  or  a  **  trace  "  only  ;  in  3  it  was  severe,  and  attended  with  a 
fatal  result ;  and  in  the  remainder  the  character  was  not  stated. 

In  9  cases  rheumatic  pains  and  joint  affections  were  reported. 

In  9  cases  paralysis  of  the  throat  was  reported  and  in.  2  paralysis 
of  the  legs. 

Operations. 

Of  the  foregoing  cases,  there  were  22  in  which  operative  inter- 
ference was  deemed  necessary,  and  of  these  there  were  17  in  which 
intubation  was  performed,  all  of  which  recovered  except  1.  Nine 
of  these  were  females,  7  were  males  and  the  sex  of  1  was  not  stated. 
Their  average  age  was  three  years  and  eleven  months.  One  of  these 
was  intubated  on  the  second  day  of  illness,  2  on  the  third,  3  on  the 
fourth,  4  on  the  sixth  (1  fatal),  3  on  the  seventh,  1  on  the  eighth, 
and  the  time  was  not  stated  in  3  cases. 
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Tracheotomy  was  performed  in  5  instances,  2  of  which  were  fatal. 
All  were  females.  One  was  two  and  one-half,  2  were  four,  another 
five,  and  the  fifth  was  forty-three  years  old,  and  in  the  case  of  this 
adult  the  result  was  fatal. 

The  Brands  of  Antitoxin  employed. 

Since  this  report  deals  mainly  with  the  antitoxin  produced  and 
offered  for  use  to  the  local  boards  of  health  by  the  State  Board  of 
Health,  it  follows  that  the  returns  received  upon  the  blank  forms 
supplied  by  the  Board  present  the  results  of  its  use.  In  a  few  in- 
stances, however,  returns  were  received  from  parties  who  had, 
through  inability  to  obtain  the  product  supplied  by  the  Board,  or 
for  other  reasons,'  employed  other  brands,  and  in  some  cases  two 
different  brands  were  used  in  the  treatment  of  single  cases. 

Deaths. 

Private  Practice. 

1.  Male,  two  years,  two  months  (April,  1896).  Weak  and  rapid  pulse, 
132  ;  great  prostration  ;  membrane  over  tonsils  and  pharynx ;  hoarseness, 
dyspnoea  and  stenosis ;  glands  normal.  Antitoxin  administered,  5  cubic 
centimeters ;  time  not  stated. 

2.  Male,  five  years  (May,  1896).  Temperature,  99**;  pulse,  132, 
strong;  condition  at  onset  of  illness  excellent;  membrane  on  posterior 
wall  and  left  tonsil;  hoarseness,  cough,  dyspnoea  and  stenosis;  glands 
slightly  enlarged ;  difficult  breathing  on  fifth  day.  Antitoxin,  10  cubic 
centimeters  ;  time  not  stated. 

3.  Female,  eleven  years  (July,  1896).  Temperature,  105° ;  pulse,  160, 
fairly  strong ;  restless,  weak  and  delirious ;  membrane  on  both  tonsils,  and 
increasing ;  neck  glands  swollen  ;  all  symptoms  progressively  worse.  Anti- 
toxin, 18  cubic  centimeters,  second  day ;  9  cubic  centimeters,  third  day. 

4.  Male,  seven  years  (September,  1896).  Temperature,  101°;  pulse, 
140,  weak ;  cyanotic ;  pale ;  prostration ;  membrane  on  posterior  wall  of 
pharynx,  right  tonsil,  side  of  uvula  and  in  the  nose,  and  spreading ;  ste- 
nosis of  larynx ;  copious  epistaxis.  Antitoxin,  second  day,  10  cubic  centi- 
meters in  morning,  10  in  afternoon  and  10  on  third  day.  Death  on  fourth 
day. 

5.  Female,  eight  years  (September,  1896).  Temperature,  102.5°; 
pulse,  100 ;  patient  irritable ;  membrane  on  both  tonsils  and  part  of  soft 
palate  ;  slight  dyspnoea ;  right  parotid  gland  enlarged  ;  urine  albuminous. 
Antitoxin,  7^  cubic  centimeters.     Death,  thirteenth  day. 

6.  Male,  two  and  one-half  years  (October,  1896).  Temperature,  99J° ; 
pulse,   weak;   moderate  prostration;    membrane  on  tonsils  and  uvula; 
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hoarseness  and  coagh;  neck  glands  enlarged.     Antitoxin,  5  cabic  centi- 
meters, sixth  day ;  5  cubic  centimeters,  seventh  day.    Death  on  ninth  day. 

7.  Male,  three  years,  two  months  (October,  1896).  Temperature,  102° ; 
pulse,  110,  strong  and  regular;  membrane  on  tonsils  and  fauces;  hoarse- 
ness and  cough ;  neck  glands  swollen,  tender  and  tense ;  extreme  prostra- 
tion. Antitoxin  (Behring's),  3  cubic  centimeters,  fourth  day;  1  cubic 
centimeter  (State  Board  of  Health),  fifth  day,  morning,  5  cubic  centi- 
meters, afternoon;  5  cubic  centimeters,  morning,  sixth  day.  Death  on 
seventh  day. 

8.  Female,  eleven  months  (October,  1896).  Temperature,  105.2°; 
pulse,  80-180,  weak ;  general  condition  poor ;  membrane  on  posterior  wall, 
densely  covered ;  dyspnoea  and  stenosis.  Antitoxin,  6  cubic  centimeters, 
repeated  once ;  time  not  stated. 

9.  Male,  five  years  (October,  1896).  Temperature,  104°;  pulse,  144; 
severe  prostration ;  membrane  in  nose ;  hoarseness,  cough,  dyspnoea  and 
stenosis  ;  neck  glands  on  left  side  much  swollen ;  urine  slightly  albuminous. 
Antitoxin,  10  cubic  centimeters,  third  day;  10  cubic  centimeters,  foui:th 
day ;  10  cubic  centimeters,  fifth  day.  Hemorrhages  from  mouth  and  nose 
on  sixth  day.     Death  on  sixth  day. 

10.  Male,  four  years  (November,  1896).  Temperature,  102°;  pulse, 
160,  weak ;  severe  prostration ;  neck  glands  enlarged ;  stenosis.  Antitoxin, 
600  units,  morning,  fourth  day ;  600,  afternoon,  fourth  day ;  600,  sixth 
day.    Death,  eighth  day. 

11.  Male,  twenty-three  years  (November,  1896).  Temperature,  103°; 
pulse,  120 ;  great  prostration ;  membrane  on  tonsils  and  palate ;  hoarseness, 
cough  and  dyspnoea;  neck  glands  swollen.  Antitoxin,  1,200  units,  third 
day ;  600,  fourth  day.     Derfth,  fifth  day. 

12.  Female,  five  years  (January,  1897).  Temperature,  102°;  pulse, 
120,  weak ;  membrane  over  tonsils  and  pharynx ;  hoarseness,  cough, 
dyspnoea  and  stenosis;  neck  glands  swollen.  Antitoxin,  two  doses,  10 
and  5  cubic  centimeters ;  time  not  stated.  Death  thirty-six  hours  after 
first  visit. 

13.  Male,  eight  years  (January,  1897).  Temperature,  103° ;  pulse,  90- 
132,  regular  and  strong ;  great  prostration ;  membrane  on  tonsils,  uvula 
and  soft  palate  and  in  the  nose ;  slight  stenosis ;  neck  glands  moderately 
enlarged.  Drowsy,  vomiting,  and  finally  collapse  and  death  on  seventh 
day.  Antitoxin,  4  cubic  centimeters,  morning,  fourth  day ;  3  cubic  centi- 
meters, afternoon,  fourth  day;  3  cubic  centimeters,  fifth  day;  5  cubic 
centimeters,  sixth  day. 

14.  Female,  forty-three  years  (February,  1897).    Pulse,  weak;  great 
prostration  ;  very  anemic ;  hoarseness,  cough,  dyspnoea  and  stenosis ;  urine 
pale,  specific  gravity  1,006,  acid,  trace  of  albumin,  casts,  puss  and  cells. 
Tracheotomy.    Antitoxin,  1,000  units,  fourth  day;  1,000  units,  fifth  day; 
1,000  units,  seventh  day.     Death,  ninth  day. 
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15.  Female,  two  years,  ten  months  (February,  1897).  Tempera- 
ture, 97^ ;  pulse,  80,  very  weak ;  marked  toxaemia  and  profound  prostra- 
tion ;  urine  suppressed ;  '^  when  first  seen,  child  was  suffering  from  acute 
Bright's  disease."  Antitoxin,  800  units,  seventh  day.  Death  on  eleventh 
day. 

16.  Male,  seven  years  (February,  1897).     Hoarseness,  cough,  dysp-^ 
noea  and  stenosis ;  pulse  not  very  strong ;  neck  glands  enlarged  ;  left  lung 
finally   involved.     Antitoxin,   600   units,  ninth  day;    1,000,  tenth  day. 
Death,  tenth  day. 

17.  Sex  not  stated,  ten  years  (March,  1897).  Temperature,  99.8°; 
pulse,  130,  weak  and  intermittent ;  great  prostration ;  hoarseness,  cough, 
dyspnoea  and  stenosis.  Antitoxin,  1,000  units,  fourth  day.  Death,  fourth 
day. 

18.  Female,  five  years  (March,  1897).  Temperature,  101.8°;  pulse, 
130,  extremely  weak ;  membrane  covering  pharynx  and  in  the  nose ;  neck 
glands  swollen.  Antitoxin,  second  day,  1,000  units.  Convulsions  and 
death,  third  day. 

19.  Sex  not  stated,  one  year  (March,  1897).  Temperature,  104°; 
pulse,  130,  strong ;  membrane  on  both  tonsils  and  in  the  nose.  Antitoxin, 
1,000  units,  third  day.  '^  Profuse  bleeding  from  nose,  causing  death  in  a 
short  time." 

20.  Female,  six  years  (April,  1897) .  Pulse,  130 ;  marked  prostration ; 
membrane  on  both  tonsils  and  soft  palate ;  neck  glands  enlarged ;  urine 
nearly  suppressed  for  forty-eight  hours  before  death.  Antitoxin,  800 
units  ;  time  not  stated.    Death,  ninth  day. 

Hospital  Cases. 

21.  Female,  eleven  months  (January,  1897).  Pulse,  120;  prostration 
not  excessive ;  membrane  in  pharynx ;  neck  glands  enlarged.  Antitoxin, 
1,000  units  ;  time  not  stated.     Death,  thirty  hours  after  injection. 

22.  Male,  nine  years  (March,  1897).  Great  prostration;  membrane 
over  pharynx  and  roof  of  mouth  and  in  the  nose ;  neck  glands  very  much 
enlarged.  Antitoxin,  4,000  units,  in  divided  doses ;  time  not  stated. 
Great  improvement  after  each  injection.  Death  from  exhaustion  on  eighth 
day. 

It  is  quite  plain  that  a  comparison  of  the  fatality  of  cases  treated 
with  antitoxin  with  the  general  fatality  of  cases  of  diphtheria  pre- 
vious to  the  introduction  of  this  therapeutic  agent,  or  even  with  cases 
not  treated  with  antitoxin,  which  occurred  at  the  same  period  with 
those  so  treated,  does  not  do  justice  to  the  merits  of  antitoxin,  for 
the  reason  that  such  a  comparison  must  be  made  between  two  groups 
or  classes  of  cases  which  are  not  strictly  comparable,  since  one  con- 
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tains  a  larger  and  the  other  a  smaller  percentage  of  severe  cases. 
That  is  to  say,  the  general  run  of  cases  treated  with  antitoxin  by 
physicians  in  private  practice,  and  especially  of  those  sent  to  hospital, 
must  necessarily  be  a  selected  class,  in  which  the  percentage  of 
severe  cases  is  greater  than  it  is  in  the  whole  number  of  cases  of 
diphtheria  occurring  or  reported  in  a  given  community. 

It  has  been  urged,  and  with  some  degree  of  reason,  that  the  dimi- 
nution in  the  fatality  from  diphtheria  is  partly  due  to  the  introduction 
of  bacterial  diagnosis  by  means  of  cultures  from  the  throat,  whereby 
mild  cases  of  illness  are  shown  to  be  cases  of  true  diphtheria,  which 
would  otherwise  have  passed  unnoticed.  But  this  statement  is  in 
some  measure  offset  by  the  fact  that  a  considerable  number  of  cases 
which  might  have  passed  for  diphtheria  before  the  days  of  bacterial 
diagnosis  are  now  classed  as  •*  negative." 

The  present  report  gives  support  to  the  belief  that  the  value  of  this 
argument  has  been  over-estimated,  since  the  cases  in  which  cultures 
were  made  are  here  separated  from  those  in  which  they  were  omitted, 
and  the  fatality  in  each  group  differs  but  slightly.  This  fact  does 
not,  however,  in  the  least  degree  undervalue  the  importance  of  hav- 
ing a  careful  diagnosis  made  by  means  of  cultures  in  each  case,  either 
before  the  administration  of  antitoxin,  or  as  soon  as  possible  after  the 
beginning  of  treatment. 

The  most  important  lesson  which  is  taught  by  these  returns  is  the 
necessity  of  early  administration  of  the  antitoxin  in  each  and  every 
case. 

Out  of  136  cases  in  which  antitoxin  was  administered  on  the  first 
day  of  illness,  there  were  only  2  deaths,  or  1.5  per  cent.,  and  1  of 
these  deaths  occurred  in  the  case  of  an  adult  male  who  was  stated  to 
be  a  man  of  excessively  intemperate  habits  and  enfeebled  by  drink. 

That  this  experience  is  npt  peculiar  to  Massachusetts  is  shown  by 
the  accompanying  table,  in  which  the  effect  of  delayed  administra- 
tion is  very  conclusively  demonstrated.  In  almost  every  collection 
of  statistics  of  this  character  the  fatality  appears  to  increase  with  a 
considerable  degree  of  uniformity  from  the  first  day  onward. 

As  is  usual  in  all  similar  tables  of  figures,  the  larger  numbers  pre- 
sent the  more  uniform  results.  From  an  inspection  of  this  collec- 
tion of  more  than  20,000  cases  treated  with  antitoxin,  the  probability 
of  recovery  or  of  a  fatal  result  in  an  average  case  may  readily  be 
estimated. 
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Comparison  of  Fatality  from  Diphtheria  in  Periods  before  and  after  Introduction 

of  Antitoxin, 


BBVOBB  iHTSODUOnOK  ov  Ahtitozim. 

■                                                                        / 

AjrTBB  IlTTBODUOTIOK  OF  AXTITOXIM. 

Placb. 

Time. 

• 

1 

1 

Cm 

Time. 

• 

i 

1 

• 

Oerman  hoipit«U,* 
Maeaaohniette,     . 
Bnglandit 

1888tol8M 
1891tol8M 
1890  to  1804 

167,724 
18,882 
n,003 

42,178 

8,768 

17,818 

26.7 
28.8 
24.4 

April,  1806,  to  March,  1806, 
April,  1806,  to  March,  1807, 

0,681 
960 

1,480 
117 

16.6 
11.8 

*  Arbeiten  aaa  dem  Kalaerllchen  Oeiond  heitaamte,  13, 2,  p.  264.    Report  of  Dr.  Dleudonn^  apon 
Antitozlii  In  Oerman  hoepltali. 

.  t  Beporta  of  Local  Ooremment  Board,  1800-04. 


Fatality  by  Ages. 


AOB  Pbbiodb. 


German  Hoe- 

pltale« 

18II5-II6 

(Percent). 


Maetadiaaetts 
(Per  Cent). 


0-  2  yeara,  . 
2-  6  yeara,  . 
6-10  yeara,  . 
Over  10  years, 
Unknown  age, 
All  agea, 


28.6 

17.4 

10.3 

4.2 

0.1 


11.8 


Day  of  Illness  when  Antitoxin  was  first  administered. 


AUTHOBITT. 


Welch, 
Hubert, 


Collective  inquiry  of  American  Pediatric 

Society. 
Austrian  Health  Board,   .... 

(Hrman  Health  Office,     .... 

Maaaachusetts  State  Board  of  Health 

(1895-96). 


2.8 
2.2 
4.0 
8.0 
6.6 
1.6 


DAT  OP  IVJBOTIOV  (PEB  CBKT.). 


g 
9t 


O 
O 


00 


c 


8.1 

13.6 

10.0 

20.3 

34.1 

33.7 

7.6 

17.1 

28.8 

33.0 

34.1 

38.2 

7.4 

8.8 

20.7 

86.3 

- 

- 

6.6 

0.8 

26.6 

28.8 

30.7 

21.0 

8.3 

12.0 

17.0 

23.2 

20.0 

24.0 

8.1 

0.6 

18.1 

16.0 

23.7 

10.2 

17.6 


31.8 
24.1 
14.8 
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General  Summary,  1895  and  1896. 

Fositiye  cases  treated  in  the  two  years  ending  March  81, 1897, 
Cases  in  which  no  bacteriological  examination  was  made,  . 


451 
588 


Deaths  of  these. 
Fatality  (per  cent.). 


989* 

117 
11.8 


Sexes, 

The  number  of  males  who  were  treated  was 
The  namber  of  females  who  were  treated  was 
The  number  whose  sex  was  not  stated  was  . 


485 

529 

25 


Total, 989' 


Deaths  of  males,     . 
Fatality  of  males  (per  cent.). 
Deaths  of  females, . 
Fatality  of  females  (per  cent). 
Deaths,  sex  not  stated,  . 


57 
18.1 
56 
10.6 
4 


Deaths  by  Ages, 


AOB  PSSIODS. 


FaUUty 
(Percent.). 


0-  2  years, 

2-  5  years, 

5-10  years. 

Over  10  years,    . 

Age  unknown  or  not  stated. 


Total, 


85 

20 

288 

50 

880 

84 

264 

11 

22 

2 

989 

117 

28.5 

17.4 

10.3 

4.2 

9.1 


11.8 


Day  of  Administration 

\, 

DAT. 

CasM. 

Deaths. 

Fatality 
(Percent.). 

First 

186 

2 

1.5 

Second,       .... 

'     223 

18 

8.1 

Third 

158 

15 

9.5 

Fourth,        .        . 

144 

26 

18.1 

Fifth, 

50 

8 

16.0 

Sixth,  .... 

38 

9 

23.7 

Seventh  and  later, 

52 

10 

19.2 

Unknown,  . 

281 

84 

14.8 

*  In  this  namber  (989)  43  cases  in  which  a  bacterial  diagnosis  showed  negaUre  results 
are  not  indnded,  so  that  the  whole  namber  treated  with  antitoxin  of  which  retains  were  made 
to  the  Board  was  1,082. 
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Diphtheria  Cultures  examined  during  the  Year 

ENDING  March  31,  1897. 


The  following  table  presents  the  information  obtained  from  the 
records  of  the  Board  relative  to  the  number  of  diphtheria  cultures 
examined  daring  the  year  ending  March  31,  1897,  together  with  the 
names  of  the  cities  and  towns  for  which  this  work  was  done  and  the 
numbers  which  proved  to  be  positive  and  negative  in  each  place. 

Number  of  Cultures  examined  from  April  1, 1896,  to  March  31, 1897. 


I 


AbingtOD,     . 

Adamt, . 

Arlington,     . 

AtUeboroagh, 

Ayer.     . 

B«IdwlnTille, 

Bedford, 

Boverly, 

Bolton,  . 

Boston, . 

Boxborongh, 

Bradford, 

Braintree,     . 

Brockton,      • 

Cambridge,  . 

Chelsea, 

Clinton, 

Cohaaaet, 

Cottage  City, 

DanTen, 

Dedham, 

Bverett, 


6 
8 
2 
6 

8 

80 

1 

1 

2 
1 
8 
1 

-u 

6 
3 
1 

27 

2 

108 


1 

2 
8 
1 

1 
6 

48 
2 
1 
1 
1 

8 
2 
19 
8 
1 

21 

2 

00 


9> 

> 

s 

&4 


Fitebbnrg,     . 

Foxborongb, 

GUbertTille, . 

Hanover, 

Harvard, 

Haverhill,     . 

Hingham, 

Hyde  Park,  . 

Lancaster,     . 

Lexington,    . 

Maiden, 

Manchester,  . 

Marblehead,  • 

Marlborough, 

Medfleld, 

Medford, 

Melrose, 

Middleboroagh, 

Milford, 

Milton,  . 

Newbaryport, 

New  Bedford, 


38 

1 

10 

1 

16 

20 

81 

1 

9 

2 

1 

11 

17 

86 

3 

2 

1 

22 

11 

18 


> 

I 


26 
1 

4 

2 

20 

11 

14 

1 
2 

24 

18 

2 

88 

7 

1 

10 

4 

22 
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Number  of  Cultures   examined  from  April  i,  1896,  to  March  31,  1897 — 

Concluded. 


Newton, 

North  Adamt, 

North  Attleboroagh,  . 

Norwell, 

Norwood,      .       .       • 

Peabody,       . 

Plttafleld,      . 

Reading, 

Bockland,     .       . 

Bosllndale,    . 

Salem,    .       .       .       . 

Saugus, .... 

Shirley, 

Somerville,    . 

Taunton, 


I 
I 


12 

13 

8 

9 


1 
1 

83 
1 

80 

7 


I 


21 
11 
2 
3 
1 
1 
1 
1 
6 
1 
30 

2 
70 
13 


Tewksbnry,  • 
Towntend,    . 
Wakefield,    . 
Ware,    . 
Warren, 
Watertown, . 
Wellington,  . 
Weetborongh, 
Weatmintter, 
Weymonth,  . 
Winchendon, 
Wlncbeater, , 
Winthrop,     . 
Wobum, 
Total,     . 


I 


18 
3 
2 

32 


1 
2 
12 
17 
5 
6 


804 


I 


14 

1 

17 

1 

22 

1 

1 

2 
8 

10 
1 

8 
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In  addition  to  the  foregoing  table  another  list  is  presented  in 
which  the  information  relates  to  those  cultures  which  were  examined 
in  order  to  determine  the  question  of  the  release  of  the  patient  from 
isolation  or  quarantine.  The  length  of  time  during  which  the  bacilli 
of  diphtheria  persisted  is  given  in  weeks. 


Persistence  of  Diphtheria  Bacilli  in  the  Throat  from  the  Date  of  the  Earliest 
Symptoms  (including  aU  Cases  where  Cultures  for  Release  were  mode,  up 
to  June  13, 1897). 

Adams  and  North  Adams, 

1  case  bacilli  found  at  end  of 1  week. 

1  case  bacilli  found  at  end  of  .......  2  weeks. 

4  cases  bacilli  found  at  end  of 8  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

1  case  bacilli  found  at  end  of 6  weeks. 

8  cases. 
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Beverly, 


5  cases  bacilli  foand  at  end  of 
7  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of . 
1  case  bacilli  found  at  end  of . 

1  case  bacilli  found  at  end  of . 

2  cases  bacilli  found  at  end  of 


1  week. 

2  weeks. 
8  weeks. 

4  weeks. 

5  weeks. 

7  weeks. 

8  weeks. 

10  weeks. 

11  weeks. 


28  cases. 

C?iel8ea, 

4  cases  bacilli  found  at  end  of 1  week. 

3  cases  bacilli  found  at  end  of 2  weeks. 

4  cases  bacilli  found  at  end  of 3  weeks. 

11  cases. 

Danvers, 

1  case  bacilli  found  at  end  of 8  weeks. 

4  cases  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

1  case  bacilli  found  at  end  of .7  weeks. 

1  case  bacilli  found  at  end  of 8  weeks. 

1  case  bacilli  found  at  end  of .10  weeks. 

9  cases. 

Everett, 

8  cases  bacilli  found  at  end  of 2  weeks. 

12  cases  bacilli  found  at  end  of 8  weeks. 

10  cases  bacilli  found  at  end  of .4  weeks. 

2  cases  bacilli  found  at  end  of        ......  5  weeks. 

2  cases  bacilli  found  at  end  of .6  weeks. 

4  cases  bacilli  found  at  end  of 7  weeks. 

2  cases  bacilli  found  at  end  of 8  weeks. 

1  case  bacilli  found  at  end  of 9  weeks. 

1  case  bacilli  found  at  end  of 10  weeks. 

1  case  bacilli  found  at  end  of 18  weeks. 


43  cases. 
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FUchburg. 


5  cases  bacilli  foand  at  end  of 
7  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  ^nd  of  . 
1  case  bacilli  found  at  end  of  . 

1  case  bacilli  found  at  end  of  . 

2  cases  bacilli  found  at  end  of 


1  week. 

2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

7  weeks. 

8  weeks. 

10  weeks. 

11  weeks. 


23  cases. 

1  case  bacilli  found  at  end  of  . 
4  cases  bacilli  found  at  end  of 
6  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 


Eingham, 


1  week. 

2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

6  weeks. 

7  weeks. 
10  weeks. 


19  cases. 

2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 


Hyde  Park, 


2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

6  weeks. 

7  weeks. 


15  cases. 


1  case  bacilli  found  at  end  of 


Lexington, 


2  weeks. 


Marbkhead, 


1  case  bacilli  found  at  end  of  . 

2  cases  bacilli  found  at  end  of 


2  weeks. 
4  weeks. 


3  cases. 
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Marlborough, 

1  case  bacilli  foand  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

2  cases  bacilli  found  at  end  of        . 7  weeks. 

5  cases. 

MiUon. 

1  case  bacilli  found  at  end  of 1  week. 

3  cases  bacilli  found  at  end  of 2  weeks. 

2  cases  bacilli  found  at  end  of 3  weeks. 

6  cases. 

New  Bedford. 

3  cases  bacilli  found  at  end  of 2  weeks. 

2  cases  bacilli  found  at  end  of 3  weeks. 

5  cases. 

NorwelL 

1  case  bacilli  found  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 19  weeks. 

2  cases. 

Salem, 

4  cases  bacilli  found  at  end  of 1  week. 

3  cases  bacilli  found  at  end  of 2  wee^s. 

3  cases  bacilli  found  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

11  cases. 

Somerville. 

5  cases  bacilli  found  at  end  of 2  weeks. 

4  cases  bacilli  found  at  end  of 3  weeks. 

2  cases  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

12  cases. 

SotUh  Hanover, 
1  case  bacilli  found  at  end  of 8  weeks. 
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Taunton, 

2  cases  bacilli  found  at  end  of        ....«•  1  week. 

8  cases  bacilli  found  at  end  of 2  weeks. 

5  cases  bacilli  found  at  end  of        ......  3  weeks. 

2  cases  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

1  case  bacilli  found  at  end  of 6  weeks. 

1  case  bacilli  found  at  end  of .        .        .        •        .        •        .  8  weeks 

1  case  bacilli  found  at  end  of 9  weeks. 

2  cases  bacilli  found  at  end  of 14  weeks. 

18  cases. 

Winchester. 

1  case  bacilli  found  at  end  of 2  weeks. 

1  case  bacilli  found  at  end  of 11  weeks. 

2  cases. 

Watertown. 

1  case  bacilli  found  at  end  of 1  week. 

1  case  bacilli  found  at  end  of 2  weeks. 

2  cases. 

The  following  circular  of  information  was  issued  by  the  Board 
and  sent  to  local  boards  of  health  throaghout  the  State :  — 


The  Diagnosis  of  Diphtheria  by  Means  op  Cultures. 

[A  Circular  of  the  State  Board  of  Health  of  Maisachosetti.] 

The  term  ^'diphtheria"  is  now  by  common  consent  confined  to  those 
affections  of  the  throat,  nose,  larynx  and  trachea  which  are  associated  with 
the  bacillus  of  diphtheria.  Affections  resembling  diphtheria  clinically,  but 
not  traceable  to  diphtheria  bacilli,  appear  to  be  common.  According  to 
extended  studies,  especially  those  of  Park  of  New  York,  the  mortality  of 
such  affections  is  quite  low.  The  importance  of  determining  promptly  in 
all  throat  affections  whether  the  diphtheria  bacillus  is  present  or  not  is 
threefold. 

1.  The  use  of  antitoxin  is  not  infrequently  based  upon  the  diagnosis, 
although  in  all  cases  which  begin  with  threatening  symptoms,  and  which 
the  physician  considers,  clinically,  as  diphtheria,  it  is  far  wiser  to  use  the 
antitoxin  at  once  rather  than  wait  twenty-four  hours. 
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2.  A  more  important  nse  of  a  correct  diagnosis  is  in  the  application  of 
measnres  designed  to  prevent  the  farther  spread  of  diphtheria  to  the  healthy 
members  of  the  afflicted  household  and  to  children  in  school. 

8.  At  the  present  time  it  is  further  desirable  to  collect  accurate  statis- 
tical evidence  of  the  efficacy  of  the  antitoxic  serum,  and  this  evidence  is 
not  valuable  unless  the  nature  of  the  cases  treated  with  it  is  definitely 
known.  This  is  clear  from  the  fact  that  antitoxic  serum  is  directed  only 
against  affections  produced  by  the  bacillus  of  diphtheria,  and,  so  far  as 
known,  it  has  not  the  power  of  neutralizing  the  products  of  other  poisonous 
pathogenic  bacteria. 

The  Massachusetts  State  Board  of  Health  is  now  prepared  to  make  the 
diagnosis  of  diphtheria  by  means  of  cultures.  The  method  adopted  is  that 
first  introduced  into  New  York  city  by  its  board  of  health.  A  box  con- 
taining a  culture  tube  and  a  swab  is  sent  out.  The  attending  physician 
prepares  the  culture  in  accordance  with  printed  directions  accompanying 
every  box.  After  the  culture  tube  has  been  inoculated  from  the  throat  of 
the  patient  and  the  accompanying  blank  filled  out,  both  are  returned  with- 
out delay  by  express  or  messenger  to  the  State  Board  of  Health,  Room 
141,  State  House,  Boston. 

The  cultures,  under  favorable  conditions,  will  be  ready  for  examination 
on  the  morning  after  the  receipt  of  the  box,  and  a  message  will  be  sent  out 
as  soon  as  the  examination  has  been  completed.  A  telegram  or  telephone 
message  will  be  sent  if  so  desired,  but  it  is  expected  that  all  express,  tele- 
graph and  telephone  charges  will  be  at  the  expense  of  the  local  boards  of 
health  or  physicians  from  whom  the  requests  for  bacteriological  examina- 
tions are  received. 

The  success  of  the  diagnosis  will  depend  largely  upon  the  care  exercised 
by  the  physician  in  making  the  inoculation.  The  directions  accompanying 
the  tubes  should  be  consistently  followed  out,  and  a  special  effort  should 
be  made  to  bring  the  swab  in  contact  with  any  existing  exudate.  The 
failure  of  the  culture  may  be  due  to  a  number  of  causes.  The  membrane 
may  be  low  down,  beyond  the  reach  of  the  swab ;  *  antiseptics  may  have 
been  applied  to  the  throat  shortly  before  the  culture  was  made ;  the  culture 
medium  used  may  be  too  old  and  too  dry  to  favor  the  growth  of  the  im- 
planted bacteria,  or  it  may  have  been  contaminated  with  bacteria  before 
use.  The  dryness  of  the  nutrient  serum  shows  itself  by  a  marked  con- 
cavity of  the  surface  to  be  inoculated  (a  slight  concavity  being  usually 
present) ,  any  foreign  growth,  by  spots  on  the  smooth,  whitish  surface  of 
the  serum.  Such  tubes  should  not  be  used  if  others  are  accessible,  but  re- 
turned promptly.  The  physician  inoculating  the  tube  may  injure  the  cult- 
ure by  careless,  clumsy  handling  of  the  swab,  thrusting  it  into  the  culture 

*  In  cases  of  membranous  croup  the  diphtheria  bacilli  are  more  likely  to  be  found  in  cultures 
from  the  throat  later  on  in  the  disease,  probably  because  they  hare  been  coughed  up. 
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medium  and  breaking  it  up  instead  of  gently  rubbing  it  over  the  surface. 
The  accuracy  of  the  culture  diagnosis  thus  depends  largely  on  the  physician 
inoculating  the  tube,  and  it  would  be  to  the  advantage  of  all  concerned  if 
the  suggestions  herein  contained  and  the  directions  accompanying  the  box 
were  carefully  studied  before  the  culture  test  is  made. 

The  bacteria  encountered  on  the  mucous  membranes  of  the  throat  are  of 
several  kinds:  (1)  micrococci  (staphylococci  and  streptococci),  usually 
regarded  as  the  cause  of  the  mild,  non-diphtheritic  anginas,  and  present  to 
a  greater  or  less  extent  in  all  throats ;  (2)  bacilli  not  easily  distinguishable 
from  the  true  diphtheria  bacilli  and  usually  denominated  pseudo-diphtheria 
bacilli ;  and  (3)  the  genuine  diphtheria  bacilli. 

It  is  not  contemplated  by  this  service  to  furnish  a  guide  for  the  use  of 
diphtheria  antitoxin,  because  of  the  delays  which  may  be  anticipated  in  the 
transmission  of  the  boxes  from  one  portion  of  the  State  to  another.  The 
object  of  the  culture  diagnosis  will  be  to  supply  the  physician  or  health 
officer  with  a  more  reliable  guide  than  can  be  furnished  by  the  clinical 
diagnosis  in  preventing  the  spread  of  the  disease  through  the  household  and 
thence  into  the  community.  Until  information  has  been  received,  suspected 
cases  should  always  be  treated  as  true  diphtheria,  and  the  precautions  taken 
which  are  laid  down  in  another  circular  of  information  on  this  disease  rela- 
tive to  isolation  and  disinfection.  The  administration  of  diphtheria  anti- 
toxin should  not  be  delayed  until  the  return  notice  has  been  received  if  the 
case  is  one  which  arouses  apprehension,  since  the  efficacy  of  the  serum 
diminishes  with  the  progress  of  the  malady. 

The  persistence  of  diphtheria  bacilli  in  the  throat  of  recovered  persons  has 
been  frequently  demonstrated,  and  it  has  now  become  customary  in  cities  to 
examine  the  throat  after  recovery  to  determine  whether  or  not  the  infec- 
tious agent  is  still  present.  If  diphtheria  bacilli  are  found,  the  person  is 
still  in  a  position  to  disseminate  the  disease.  The  period  of  time  following 
the  disappearance  of  the  membrane  during  which  the  bacilli  are  still  present 
varies  from  case  to  case.  They  may  be  absent  on  the  day  following  the 
disappearance  of  the  membrane,  or  they  may  be  detected  for  weeks  there- 
after. 

Cultures  designed  to  reveal  the  presence  of  diphtheria  bacilli  after  the 
subsidence  of  the  disease  will  be  examined  in  special  cases  if  desired  by 
the  health  authorities  immediately  concerned.  In  all  cases  it  is  highly 
desirable  to  keep  children  out  of  school  for  at  least  two  weeks  after  recov- 
ery, and  to  warn  older  convalescents  not  to  kiss  children  and  to  guard 
themselves  for  several  weeks  against  any  act  which  would  favor  the  direct 
or  indirect  transfer  of  bacteria  from  their  mouths  to  those  of  others. 

State  House,  Boston,  March,  1896. 
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[Copy  of  blank  fonn  provided  with  each  caltnre  outfit.] 

Diphtheria. 
No. 

City  or  town, 

Name  of  patient,  Ago, 

Name  of  physician. 

Address  of  physician, 

Date  and  hour  of  calture. 

Date  of  earliest  symptoms, 

Location  of  exudate, 

Any  local  application  shortly  before  inoculation  of  culture  tube  ? 

Source  of  infection, 

Clinical  diagnosis, 

(Retarn  both  tabes  with  swab  and  this  sohedale  filled  oat,) 
RETURN  BOX  BY  EXPRESS  ONLY. 

All  charges  of  transmiesion  mast  be  paid  by  the  local  authorities  or  by  the  persons  who  for- 
ward the  paclsages.  It  will  facilitate  the  work  of  diagnosis  if  local  boards  and  physicians  will 
inform  the  State  Board  as  to  the  mode  of  replying^  i.  0.,  by  mat7,  telephone  or  telegraph. 

In  order  to  ensure  promptness  in  replying,  it  is  desirable  that  culture  tubes  should  be  left 
at  the  oflQce  of  the  Board,  Boom  141,  State  House,  between  9  a.m.  and  4  p.m.,  and  on  Saturdays 
before  1  p.m. 
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MALARIA. 


The  prevalence  of  malaria  in  certain  portions  of  this  State  for 
some  years  past,  its  persistence  in  some  of  these  localities  and  the 
endemic  character  which  it  is  beginning  to  assume  make  the  posses- 
sion of  more  accurate  knowledge  concerning  its  genesis  and  difiusion 
a  thing  greatly  to  be  desired. 

The  hypotheses  hitherto  held  concerning  the  origin  of  malaria  in 
temperate  climates,  sach  as  proximity  to  stagnant  waters  and  the 
upturning  of  the  soil,  undoubtedly  are  conditions  necessary  to  its 
genesis,  but  there  are  other  unknown  factors  which  only  future 
observation  and  study  can  bring  to  light.  Until  these  are  known, 
and  thereby  the  chain  of  events  which  mark  the  various  steps  in  the 
life  history  of  the  malarial  parasite  completed,  we  are  exposed  to  the 
danger  of  misinterpreting  the  significance  of  the  conditions  now  known 
and  giving  them  either  too  great  or  too  little  value  in  combating  the 
disease. 

The  necessity  for  more  information  is  thus  evident.  To  obtain 
this  from  different  parts  of  the  State,  the  interest  of  physicians  must 
be  aroused  and  their  service  enlisted.  Only  the  practising  physician 
is  likely  to  become  cognizant  of  cases  of  this  ephemeral  and  sporadic 
disease.  He,  also,  is  likely  to  overlook  it  because  of  its  apparently 
slight  importance  or  to  confound  other  ailments  with  it.  Not  infre- 
quently it  is  dealt  with  in  silence  on  account  of  the  fear  that  a  knowl- 
edge of  its  prevalence  would  injure  the  attractiveness  and  prosperity 
of  the  infected  locality.  It  is  not  improbable  that  a  complete 
knowledge  of  the  genesis  of  malaria  will,  by  showing  all  the  factors 
involved,  relieve  just  such  localities  or  communities  of  the  odium 
involved,  because  it  must  show  a  way  out  of  the  diflSculty.  Co-oper- 
ation in  such  investigation  is  therefore  the  duty  of  precisely  such 
localities  as  are  most  afflicted,  because  the  facts  there  obtainable  are 
best  adapted  to  a  successful  study  of  the  causation. 


No.  34.]  MALARIA.  701 

In  order  to  accomplish  the  object  of  gathering  information  and  at 
the  same  time  assisting  the  physicians  and  removing  the  facts  col- 
lected from  the  domain  of  guesswork,  the  microscopic  diagnosis  of 
malaria  by  an  examination  of  the  blood  was  made  a  part  of  the  reg- 
ular work  of  the  laboratory.  In  order  to  bring  this  work  to  the 
notice  of  physicians  and  to  instruct  them  in  the  method  of  preparing 
the  blood  films  the  following  circular  was  distributed :  — 

Office  of  State  Boajld  of  Health. 

Thb  Diagnosis  of  Malaria. 

The  evident  encroachment  of  malarial  diseases  upon  new  territory  and 
the  intensification  of  the  infection  in  certain  localities  make  it  of  importance 
to  search  more  thoroughly  than  has  been  done  heretofore  for  the  primary 
factors  concerned  in  the  dissemination  of  these  diseases. 

To  accomplish  this  purpose  in  part  an  accurate  knowledge  of  the  distri- 
bution of  malaria  is  necessary.  This  requires  the  elimination  of  diseases 
or  conditions  often  called  malarial  which  are  due  to  other  causes,  and,  on 
the  other  hand,  the  recognition  of  cases  of  malaria  now  and  then  overlooked 
when  the  symptoms  are  not  sufficiently  typical. 

In  pursuing  the  investigation  of  malaria  the  State  Board  of  Health  pro- 
poses to  make  diagnoses  of  this  disease  whenever  called  upon  to  do  so. 
Since  it  has  been  definitely  shown  that  the  different  types  of  malarial  fever 
are  always  associated  with  certain  minute  organisms  within  the  red  cor- 
puscles of  the  blood,  the  method  of  diagnosis  is  restricted  to  the  microscopic 
examination  of  this  fluid.     The  following  procedure  will  be  used :  — 

Cover-glasses,  in  small  boxes,  will  be  mailed  on  application  to  all  those 
who' may  expect  to  meet  malaria  during  the  warm  season.  These  are  to  be 
used  in  collecting  a  small  amount  of  blood  from  the  suspected  case  and 
forwarding  it  to  Room  141,  State  House,  Boston. 

The  blood  films  are  prepared  in  the  following  manner :  — 

The  tip  of  a  finger  or  the  lobe  of  one  ear  is  thoroughly  cleansed  with  soap 
and  water  and  dried  carefully.  If  desired,  the  part  may  also  be  washed 
with  alcohol  and  ether  to  remove  any  remaining  scales  or  oily  matter.  An 
ordinary  surgeon's  needle,  previously  passed  through  the  flame  of  an  alco- 
hol lamp  or  a  gas  burner  or  held  over  the  chimney  of  a  kerosene  lamp  for  a 
few  seconds  to  sterilize  it,  is  used  to  prick  the  part  until  a  small  drop  of 
blood  exudes.  This  may  be  wiped  away  with  a  clean  cloth  and  the  second 
drop  used.  This  is  touched  with  the  edge  of  a  cover-glass  and  the  edge 
carrying  the  drop  placed  on  a  second  cover  at  an  angle  of  20  to  30  degrees 
and  drawn  across  its  entire  face.  A  thin  film  of  blood  will  be  deposited  pn 
the  second  cover  which  dries  rapidly.     Three  or  four  such  films  should  be 
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prepared  if  possible,  each  one  from  a  freshly  exnding  drop,  and  laid  down 
to  dry.  A  slight  manipnlation  of  the  part  pricked  will  cause  the  blood  to 
continne  to  ooze  from  the  same  puncture  until  the  necessary  preparations 
have  been  made.  The  points  to  be  borne  in  mind  in  this  operation  are 
great  cleanliness,  rapidity  of  work  and  the  use  of  a  fresh  drop  of  blood,  as 
the  corpuscles  shrivel  soon  after  exposure  to  the  air.  Everything  should 
be  put  in  readiness  and  within  reach  before  the  skin  is  pricked,  to  avoid 
delay  in  making  the  films. 

The  film  should  be  very  thin  so  that  the  corpuscles  may  be  fixed  almost 
instantly  on  the  glass  by  drying.  The  thinner  the  film,  other  things  being 
equal,  the  more  perfect  the  preservation  of  the  corpuscles.  A  thin  film  can- 
not be  obtained  from  a  large  drop  of  blood,  hence  the  operator  should  not 
wait  until  the  exuding  drop  becomes  too  unwieldy.  It  is  better  to  wipe 
away  a  large  drop  and  work  with  the  following  smaller  one.  When  the 
cover-glasses  are  thoroughly  dry  —  and  this  should  not  require  more  than 
fifteen  to  thirty  seconds  —  they  are  wrapped  separately  in  the  paper  pro- 
vided and  replaced  in  the  box.  This  should  be  filled  with  the  paper  so  that 
the  glasses  cannot  move  about.* 

Slides  may  be  used  in  place  of  cover-glasses  by  those  preferring  them. 
The  manipulation  is  the  same  as  with  cover-glasses.  The  edge  of  one, 
charged  with  the  drop  of  blood,  is  drawn  rapidly  but  steadily  over  the  face 
of  the  other  at  an  angle  of  20  to  30  degrees.  The  slides  must  be  scrupu- 
lously clean.  Drawing  them  rapidly  through  a  flame  often  destroys  the  film 
of  grease  when  other  means  have  failed  to  remove  it.  The  edges  of  the 
slide  which  receives  and  distributes  the  blood  should  be  ground,  or,  at  any 
rate,  very  even,  otherwise  the  film  will  be  imperfect. 

The  best  time  for  taking  the  blood  is  during  a  chill,  or,  in  doubtful  cases, 
when  the  suspicious  symptoms  are  most  pronounced.  Since  quinine  has  a 
destructive  effect  upon  malarial  parasites,  films  prepared  after  the  adminis- 
tration of  this  drug  may  not  contain  these  organisms  in  numbers  sufficient 
to  be  detected  and  the  microscopic  diagnosis  may  be  misleading. 

The  accompanying  blank  should  in  all  cases  be  filled  out  and  returned 
with  the  preparations  of  blood. 

Statb  House,  Boston,  May,  1896. 

The  blank  which  is  to  be  filled  out  contained  the  following 
queries :  — 


*  Physicians  are  cautioned  against  laying  corers  together  with  the  drop  of  blood  between 
them  and  sending  them  in  this  condition.  Nor  should  they  be  placed  together,  fkce  to  face,  and 
then  drawn  apart,  as  for  some  kinds  of  bacteriological  work. 
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Malaria. 

1.  No. 

2.  Locality, 

8.  Name  of  patient,  Age, 

4.  Name  of  physician, 

5.  Address  of  physician, 

6.  Symptoms  of  the  case, 

7.  Probable  source  of  infection  if  any  suspected, 

8.  Date  of  season  of  last  former  attack,  if  any, 

9.  Date  of  preparations  and  relation  in  time  to  chill,  if  any, 

10.    Any  quinine  or  other  medipine  administered  before  preparation  of  films. 
Remarks : 

Of  these  questions  Nos.  8  and  9  deserve  a  passing  notice.  In 
tracing  the  distribution  of  malaria  it  is  evidently  necessary  to  dis- 
tinguish between  patients  who  have  never  before  been  affected  and 
those  who  have  had  attacks  before.  Since  the  malarial  parasite 
very  probably  lives  in  the  blood  for  a  variable  or  indefinite  period 
of  time  after  the  symptoms  of  an  attack  have  passed  by,  the  renewed 
outbreak  of  the  disease  must  not  be  interpreted  necessarily  as  a 
fresh  infection  although  it  may  be.  The  past  history  of  the  patient 
should  therefore  be  carefully  noted.  Since  the  blood  parasite  varies 
in  size  and  appearance  at  different  intervals  after  the  chill  or  par- 
oxysm, the  microscopist  should  know  how  many  hours  after  the  last 
or  before  the  expected  chill  the  blood  films  have  been  prepared,  so 
as  to  be  guided  by  this  information  during  the  examination. 

In  response  to  this  circular  preparations  from  57  patients  have 
been  sent  in  for  examination  between  April  1,  1896,  and  April  1, 
1897.  The  experience  gained  in  looking  over  these  preparations, 
as  well  as  those  sent  in  before  and  after  the  year  as  limited  above, 
has  revealed  certain  difficulties  of  a  minor  character.  In  the  first 
place,  the  microscopist- is  limited  to  the  blood  films  taken  at  some 
one  moment  and  is  unable  to  repeat  the  examination  if  desirable,  as 
is  the  case  in  hospitals  and  private  practice.  If  the  preparations 
have  been  hastily  made  or  without  following  carefully  the  directions 
given  the  blood  films  are  frequently  of  little  or  no  use.  Again,  the 
physician,  being  called  usually  during  a  chill,  is  not  likely  to  reach 
the  patient  until  this  has  subsided.  The  blood  films  sent  are  thus 
usually  made  soon  after  a  chill,  when  the  recognizable  parasites  are 
fewest  and  smallest  in  the  whole  cycle  between  consecutive  chills. 
But  this  is  not  a  serious  obstacle  and  the  diagnosis  can,  as  a  rule, 
be  made. 
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The  result  of  the  examination  of  the  preparations  is  best  shown 
in  the  following  table :  — 


Nomber 
of  Patients. 


PotltiTe. 


Kegatire. 


Ayer,  . 
Dorchester, 
East  Douglas, 
Everett, 
Hyde  Park, 
Leicester,   . 
Northbridge, 
Norwood,   . 
Uxbridge,  . 
Waltham,   . 


2 

1 

1 

1 

3 

— 

1 

— 

5 

— 

1 

— 

1 

1 

1 

m. 

41 

24 

1 

1 

3 
1 
5 
1 

1 

17 


Of  preparations  from  57  patients  those  from  28  contained  malarial 
organisms.  Lest  this  low  percentage  of  positive  cases  might  be 
used  as  a  witness  against  the  efficiency  of  the  method  it  should  be 
stated  that  among  these  cases  are 

1.  Several  who  were  affected  with  some  other  malady  but  upon 
which  the  physician  hoped  to  get  light  from  the  examination  of  the 
blood. 

2.  A  number  of  cases  in  which  the  physician  himself  failed  to 
make  a  positive  diagnosis  from  the  clinical  side. 

3.  A  considerable  number  in  which  quinine  had  been  given  be- 
fore the  preparation  of  the  films. 

4.  One  old  case  without  symptoms. 

5.  Five  cases  examined  in  midwinter. 

6.  A  certain  number  from  which  imperfect  films  were  received. 
These  though  somewhat  doubtful  were  classed  as  negative. 

A  further  analysis  of  these  cases  will  not  be  attempted  at  the 
present  time  but  left  until  more  material  has  accumulated.  Such 
analysis,  however,  would  show  that  in  from  5  to  10  per  cent,  of  all 
the  cases  examined  the  diagnosis  was  of  great  value  to  the  physician 
in  charge  in  clearing  up  at  once  the  obscure  character  of  the  malady. 


EXAMINATIONS 


or 


Sputum  and  Other  Materul  suspected  of  Contain- 
ing THE  Bacilli  of  Tuberculosis. 
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EXAMINATIONS  OF  SPUTUM  AND  OTHER  MATERIAL 
SUSPECTED  OF  CONTAINING  THE  BACILLI 

OF  TUBERCULOSIS. 


The  following  table  presents  the  results  of  examination  of  sputum 
and  other  material  forwarded  to  the  Board  from  different  cities  and 
towns  for  the  purpose  of  determining  the  presence  or  absence  of  the 
bacilli  of  tuberculosis. 

The  whole  number  of  specimens  examined  was  124  and  the  re- 
sults were  as  follows  :  — 

Tabular  Statement  of  ExamincUiona  made  by  the  Board  for  determining  the 
Presence  or  Absence  of  the  Bacilli  of  Tuberculosis  in  Sputum  or  Other  Material 
presented  for  Such  Examination. 


oa 

11 

Malm. 

Fkmalu. 

8bx  not  Statko. 

TOWH. 

6 

> 

i 
S 

• 

1 

1 

• 

1 

• 

3 

§2 

§ 

1 

1 

1 

t3 

1 

1 

SQ 

£ 

s>s 

£ 

65 

£ 

^ 

Abington, 

2 

_ 

2 

_ 

. 

— 

— 

Adams, 

5 

— 

1 

2 

2 

— 

— 

ArliDgtoD, 

7 

2 

1 

1 

2 

1 

- 

Attleborough,  . 

6 

2 

2 

- 

- 

- 

Boston,     . 

2 

— 

•> 

1 

— 

— 

Brockton, . 

5 

. 

2 

~ 

1 

1 

1 

Canton,     . 

1 

— 

— 

— 

— 

— 

Chelsea,    . 

1 

— 

— 

— 

— 

•• 

Cambridge, 

2 

— 

- 

1 

1 

- 

- 

Clinton,     . 

1 

— 

— 

— 

1 

Danvers,  . 

12 

2 

8 

3 

2 

1 

Dedham,  . 

I 

— 

— 

— 

— 

- 

Everett,    . 

8 

— 

4 

1 

1 

2 

— 

Fall  River, 

1 

- 

— 

— 

— 

— 

Fairhaven, 

I 

— 

- 

« 

— 

1 

— 

Franklin,  . 

2 

1 

— 

— 

— 

- 

Hyde  Park,       . 

1 

» 

<- 

« 

— 

1 

— 

Haverhill, 

5 

2 

1 

1 

— 

— 

Hanover,  . 

1 

~ 

— 

1 

— 

* 

— 

Maiden,     . 

1 

• 

— 

— 

— 

— 

1 

Melrose,    . 

2 

~m 

1 

— 

— 

— 

New  Bedford, 

1 

25 

6 

5 

4 

9 

1 

— 

Norwood, . 

9 

2 

— 

1 

. 

1 

1 

Newton,    . 

i 

1 

— 

. 

1 

— 

*"          ! 

Peabody,  . 

1 

— 

1 

- 

- 

- 

Rockland, . 

» 

9 

2 

1 

1 

5 

^ 

— 

Salem, 

2 

1 

— 

1 

— 

— 

Stoneham, 

2 

1 

— 

— 

1 

— 
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Tabular  StalemerU  of  Examinations  made  by  the  Board  for  determining  the 
Presence  or  Absence  of  (he  Bacilli  of  Tuberculosis  in  Sputum  or  Other  Material 
presented  for  Such  Examination — (Concluded. 


Malss. 

Fbmalss. 

Sbx  vot  Statbo. 

Si 

TOWK. 

II 
II 

• 

1 

i 
1 

• 

1 

1 

i 

1 

i 

1 

^ 

A* 

9a 

Am 

fe 

S 

fe 

Somerville,       .... 

1 

_ 

.^ 

^ 

_ 

^ 

Taunton,  . 

.- 

— 

^ 

~ 

.- 

Uxbridge, 

- 

- 

2 

— 

- 

Watertown 

— 

— 

— 

— 

— 

Ware, 

2 

1 

. 

m. 

. 

West  Bridgewater,  . 

- 

- 

- 

- 

— 

Wrentham, 

— 

- 

— 

.- 

— 

Woburn,   . 

— 

2 

— 

~ 

..- 

— 

Weymouth, 

- 

- 

- 

1 

- 

— 

Winchester, 

— 

— 

— 

1 

— 

— 

124 

26 

28 

26 

32 

9 

4 

Distribution  by  Ages, 


Knmber  of 
Gates. 

PotlUre. 

K«cattTe. 

Between  the  age  of   1-10, 
Between  the  age  of  10-20, 
Between  the  age  of  20-SO, 
Between  the  age  of  30-40, 
Between  the  age  of  40-60, 
Between  the  age  of  60-60, 
Between  the  age  of  60-70, 
Between  the  age  of  70-80, 
Ages  unknown, .... 

4 

'9 

34 

20 

20 

8 

1 

1 

82 

1 

2 
20 

7 
18 

2 

16 

8 

7 

14 
13 

7 
1 
1 
1 
16 

Total,  .... 

1        1 

»        1 

1        . 

124 

61 

68 

Distribution  by  Sexes. 


Total. 

Males.       Females. 

1 

Sex 
Unknown. 

Number  cases  examined  Tpositive),     . 
Number  cases  examined  (negative),    . 

60 
64 

26 

28 

26 
82 

9 
4 

Total, 


124 


A  circular  was  issued  to  local  boards  of  health  containing  the 
necessary  information  upon  this  point,  of  which  the  following  is  a 
copy :  — 
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Office  of  Statb  Boa^d  of  Health,  NoTomber,  1896. 

Thb  Examination  of  Sputum  for  Tuberolb  Bacilli. 

The  mlcroscopio  examination  of  sputum  for  tubercle  bacilli  will  be  made 
by  the  State  Board  of  Health  for  those  desiring  it.  A  small  quantity, 
preferably  not  more  than  one-half  ounce,  should  be  sent  in  a  small,  wide- 
mouthed  botUe,  suitably  protected  against  breakage,  by  express  or  messen- 
ger to  Room  141,  State  House,  Boston. 

Small  glass  receptacles,  properly  packed,  will  be  sent  on  application. 

To  ensure  material  for  a  satisfactory  diagnosis,  the  patient  should  be 
requested  to  reserve  only  that  sputum  which  is  coughed  up  from  the  air 
tubes  and  lungs  and  to  reject  secretions  from  pharynx  and  throat.  To  do 
this  the  throat  should  be  thoroughly  cleared  first,  and  only  the  masses  sub- 
sequently expectorated  reserved. 

Since  tubercle  bacilli  are  quite  resistant,  and  demonstrable  in  sputum  for 
some  time  after  it  has  been  expectorated,  any  great  haste  in  sending  it  is 
not  called  for.  It  should,  however,  be  sent  as  promptly  as  possible, 
especially  in  warm  weather. 

The  object  of  the  examination  of  sputum  is  not  so  much  to  enable  the 
physician  to  make  an  early  diagnosis  as  to  protect  the  public  from  mani- 
festly infectious  sputum.  The  Board  does  not  hold  itself  responsible, 
therefore,  for  the  occasional  non-discovery  of  tubercle  bacilli  when  they 
are  present  in  very  small  numbers. 

The  repeated  and  varied  examination  of  sputum  found  free  from  bacilli 
after  the  usual  methods  of  staining  have  been  carefully  applied  will  not  be 
undertaken  excepting  under  certain  not  at  present  definable  conditions. 

Examination  of  sputum  for  special  morphological  constituents,  for 
pneumonia  and  influenza  germs,  is  also  beyond  the  scope  of  this  work,  and 
will  only  be  undertaken  when  the  public  health  warrants  it. 

The  following  blank  form  should  be  filled  and  returned  with  each 
specimen  forwarded  to  the  office  of  the  Board :  — 

Tuberculosis. 

1.  No, 

2.  Name  of  patient.  Age, 

3.  Address, 

4.  Occupation, 

5.  Name  and  address  of  attending  physician  or  of  sender, 

6.  Sputum,  when  discharged, 

7.  Clinical  diagnosis, 

8.  Duration  of  disease, 

9.  Any  other  cases  in  the  same  household? 
10.  Remarks : 
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Nora.— The  birth,  death  and  marriage  ratea  are  indicated  by  the  first,  second  and 
fourth  irregnlar  lines  in  the  diagram,  and  represent  the  ratio  per  thousand  of  the  living 
population,  the  scale  being  at  the  left  side  of  the  diagram.  The  infantile  death*rate  is 
shown  by  the  third  irregular  line,  and  represents  the  ratio  of  the  deaths  under  one  to  the 
living  births  per  thousand ;  the  scale  for  this  line  is  at  the  right  side  of  the  diagram. 


THE  VITAL  STATISTICS  OF  MASSACHUSEHS. 

A  FORTY  YEARS*  SUMMARY. 


By  Samuel  W.  Abbott,  M.D.,  Secretary  of  the  Board, 


The  occurrence  of  a  census  year  affords  an  opportunity  for  the 
presentation  of  the  vital  statistics  of  a  community  with  more  than 
usual  accuracy.  Each  census  year  forms  a  milestone  or  point  of 
departure  in  the  life  history  of  the  State,  and  the  data  collected  in 
such  a  year  may  be  used  as  standards  of  reference  from  which,  with 
proper  limitations,  conclusions  may  be  formed  with  a  degree  of  cer- 
tainty which  cannot  be  applied  to  the  statistics  of  intervening  years. 

In  the  present  summary  of  the  marriages,  births  and  deaths  which 
occurred  in  the  forty-year  period,  1856-95,  the  methods  employed 
are  similar  to  those  which  were  adopted  in  the  brief  summaries  of 
the  statistics  of  1893  and  1894,*  but  with  greater  fulness  of  detail, 
especially  in  those  particulars  which  are  of  the  greatest  interest  and 
value  to  physicians  and  health  officials. 

Dr.  Longstaff,  in  commenting  on  the  value  of  vital  statistics,  says : 
**  The  numerous  and  very  voluminous  reports  on  the  very  dusty 
shelves  of  the  library  of  the  Statistical  Department  of  the  General 
Eegister  Office  form  a  vast  reservoir,  into  which  a  ceaseless  stream 
of  facts  has  been  flowing  for  more  than  half  a  century." 

The  usefulness  of  these  myriads  of  facts,  which  likewise  in  Massa- 
chusetts have  been  accumulating  for  more  than  half  a  century, 
depends  largely  upon  the  carefulness  and  the  clearness  with  which 
the  compiler  treats  them,  and  upon  the  judicious  selection  which  he 
makes  of  the  material  in  his  possession. 

First  in  order  in  the  present  summary  the  subject  of  population  is 
presented,  since  upon  the  number  and  distribution  of  the  population 
by  sexes,  ages,  races  and  density  depends  very  largely  the  vafue  of 
the  observations  which  are  made*     Absolute  numbers  have  a  definite 

*  Pablisbed  in  the  twenty-sixth  and  twenty-seventh  annaal  reports  of  the  Board. 
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value,  but  this  value  is  very  much  enhanced  when  relative  numbers 
are  also  given,  such,  for  example,  as  the  ratio  obtained  by  compar- 
ing the  deaths  from  any  disease  at  any  age  of  life  with  the  numbers 
of  the  living  at  the  same  age. 

The  order  in  which  the  statistics  are  presented  (marriages,  births 
and  deaths)  has  been  adopted  in  conformity  with  the  general  usage 
of  nearly  all  countries  having  systems  of  registration,  and  because  it 
represents  the  order  of  events  in  each  family,  natural  as  well  as  soci- 
ological. 

In  earlier  periods  of  New  England  history. the  county  was  consid- 
ered as  an  important  factor,  but  at  the  present  time  the  county, 
statistically  considered,  is  of  much  less  importance,  while  the  city 
and  the  urban  population  are  yearly  assuming  greater  interest  as  the 
relative  numbers  of  the  urban  population  increase.  In  1842,  the 
first  year  of  registration,  the  population  of  towns  in  the  State  having 
10,000  inhabitants  in  each,  constituted  only  24  per  cent,  of  the  popu- 
lation. In  1895  the  population  of  this  class  had  increased  to  69  per 
cent,  of  the  whole.  Hence  county  statistics  will  be  but  little  used  in 
this  summary. 

Of  the  Accuracy  of  the  Material  collected  for  Publication  in  the 
Massachusetts  Registration  Reports.  —  The  period  of  forty  years 
(1856-95)  has  been  selected  for  consideration  for  the  reason  that  it 
presents  a  definite  portion  of  time  in  which  the  returns  of  vital 
statistics  of  the  cities  and  towns  may  be  deemed  to  be  fairly  accurate. 
The  returns  of  the  first  few  years  following  1842  are  more  or  less 
incomplete  and  untrustworthy,  but  those  of  the  forty  years  under 
consideration  must  be  considered  as  approximately  correct. 

With  reference  to  a  very  important  portion  of  the  returns,  that 
which  relates  to  the  causes  of  death,  the  following  comments  of  Dr. 
Longstafi*  upon  the  registration  reports  of  England  are  so  fully 
applicable  to  our  own  statistics  that  we  take  the  liberty  to  quote 
ithem  nearly  verbatim  :  — 

I  have  been  more  and  more  convinced  of  the  value  of  the  figures,  and 
fully  believe  that  they  may  be  taken  as,  on  the  whole,  a  fair  approximation 
of  the  truth.  At  the  same  time  it  is  hardly  necessary  to  say  that,  like  all 
other  statistics,  they  require  care  and  knowledge  in  handling.  Without 
doubt  the  figures  relating  to  alcoholism,  venereal  diseases  and  perhaps 
insanity  are  almost  valueless ;  but  that  does  not  prove  that  those  relating 
to  scarlet-fever,  pneumonia  or  cancer  are  equally  valueless.  Neither  does 
the  fact  that  a  large  number  of  certificates  are  carelessly  filled  invalidate 
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the  far  larger  number  that  are  more  trustworthy ;  indeed,  those  very  sources 
of  error  are  subject  to  laws,  and  are  more  or  less  constant  factors  of  the 
whole.  When  it  is  possible,  as  I  have  elsewhere  proved  it  to  be,  to  find 
general  laws  regulating  many  of  the  causes  of  death,  and  especially  mutual 
relations  between  these  causes,  and  relations  between  some  of  them  and 
various  external  phenomena,  the  only  possible  inference  that  I  can  deduce 
is  that  the  figures  dealt  with  are  the  expression,  more  or  less  accurate,  of 
facts  in  nature.  .  •  . 

But  in  spite  of  what  I  have  just  stated,  it  must  be  admitted  that  there 
are  numerous  fallacies  to  which  the  classification  of  deaths  according  to 
their  alleged  causes  is  liable.    They  are  :  — 

1 .  In  a  number  of  cases  no  cause  of  death  is  specified  at  all. 

2.  (And  this  is  a  much  more  important  source  of  error.)  In  a  large 
number  of  cases  the  cause  is  stated  in  such  a  vague  or  indefinite  manner  as 
to  be  almost  valueless.  The  terms  "  atrophy,"  "  debility,"  ''  old  age," 
*'  hemorrhage,"  "dropsy,"  etc.,  give  but  little  information,  but  it  is  satis- 
factory to  note  that  from  the  beginning  of  the  reports  to  the  last  issued  the 
improvement  in  this  respect  is  steady  and  continuous.  For  example,  very 
few  cases  are  now  returned  simply  as  "  dropsy,"  but  the  dropsy  is  referred 
to  disease  of  the  heart,  kidneys,  liver  or  ovaries* 

8.  Where  the  cause  is  definitely  assigned,  there  is  good  reason  to  be- 
lieve that,  in  a  large  number  of  cases,  owing  to  carelessness,  ignorance  or 
desire  to  spare  the  feelings  of  relatives,  or  even  less  worthy  motives,  the 
causes  of  death  assigned  are  barely  approximately  correct.  The  returns 
themselves  indicate  that  this  source  of  error  is  also  diminishing. 

To  the  foregoing  should  also  be  added  the  fact,  stated  somewhat 
diflferently  by  Dr.  Longstaff,  that  medicine  is  a  progressive  science, 
and  that  the  frequent  discoveries  in  relation  to  the  natural  history 
of  diseases  necessitate  changes  in  the  terms  employed  to  designate 
them.  New  terms  are  introduced  in  every  decade,  and  the  nomen-* 
clature  and  classification  of  one  half  century  are  replaced  by  an  en- 
tirely new  system  in  the  next  half  century. 

The  sum  of  the  individual  records  treated  in  this  summary  for  the 
forty  years,  1856-95,  is  as  follows :  — 

Marriages, 630,680 

Births 1.780,872 

Deaths, 1,817,463 

Stillbirths, 66,005 

ToUl 8,786,010 

*  The  deaths  certified  in  Massachasetts  as  from  dropsy  in  1856  were  487.    Those  in  1896 

were  88. 
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Population. 

Population  constitutes  the  natural  basis  of  vital  statistics  and 
hence  should  first  be  considered  in  the  treatment  of  the  subject. 

Growth  of  the  Population. 

There  are  two  factors  which  affect  the  movement  of  the  popula- 
tion, either  in  an  increasing  or  a  diminishing  ratio.  First,  the  dif- 
ference between  the  births  and  deaths,  and  second,  the  difference 
between  the  number  of  immigrants  and  the  number  of  emigrants. 

The  growth  of  population,  consisting  in  the  excess  of  the  births 
over  the  deaths  is  usually  termed  the  natural  increase,  while  that 
which  consists  in  the  excess  of  immigrants  over  emigrants  cannot 
be  properly  termed  an  increase,  but  is  merely  a  transfer  from  one 
country  or  community  to  another. 

The  first  ship's  company  of  a  few  score  persons  who  landed  at 
Plymouth  in  1620,  notwithstanding  an  enormous  death-rate  in  the 
first  few  years,  had  increased  in  one  hundred  and  forty-five  years  to 
239,764,  according  to  the  first  colonial  census  of  1765,  but  this  in- 
crease was  made  up  for  the  most  part  of  new  arrivals  from  beyond 
the  sea,  and  not  from  the  excess  of  bii*ths  over  deaths. 

During  the  forty  years  comprised  in  the  present  report  (1856-95) 
the  population  of  the  State  more  than  doubled,  the  increase  from 
the  census  of  1855  to  that  of  1895  amounting  to  1,367,814,  but  of 
this  number,  904,395,  or  nearly  two-thirds,  consisted  of  immigrants 
from  other  States  and  countries,  since  the  excess  of  births  over 
deaths  during  these  forty  years  amounted  to  only  463,419.  The 
growth  of  population,  therefore,  in  the  past  forty  years  may  be  said 
to  consist  of  the  excess  of  births  over  deaths,  and  the  migration,  in 
the  ratio  of  about  one  of  the  former  to  two  of  the  latter. 

In  the  following  table  (1)  are  presented  the  enumerated  popula- 
tions in  each  of  the  years  in  which  a  census  was  taken  (either 
colonial.  State  or  national).  The  annual  rates  of  increase  at  each 
inte recusal  period  varied  from  a  minimum  of  .58  of  1  per  cent, 
annually  in  the  period  of  civil  war,  to  a  maximum  of  3.03  per  cent, 
in  the  period  1840-50. 

Sex.  —  In  the  next  table  (2)  is  presented  the  population  at  each 
census  by  sexes,  together  with  the  percentage  of  each  sex,  and  the 
ratio  of  females  to  1,000  males,  by  which  it  is  shown  that  the  females 
have  invariably  been  in  excess  at  each  census  enumeration,  the  least 
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differoDce  occurring  at  the  census  of  1840,  when  the  females  were  in 
the  ratio  of  1,019  to  1,000  males,  and  the  greatest  difference  being  in 
1865,  when  the  females  were  in  the  ratio  of  1,105  to  1,000  males. 
This  census  was  taken  just  at  the  close  of  the  war,  but  while  a  con- 
siderable portion  of  the  troops  had  not  yet  returned  home. 

If  the  growth  of  population  in  Massachusetts  be  reckoned  by  cen- 
turies, it  may  be  said  to  have  increased  in  the  seventeenth  century, 
in  the  eighty  years,  1620  to  1700,  from  0  to  about  100,000  in  round 
numbers,  in  the  eighteenth  from  100,000  to  422,845  (one  hundred 
years),  and  in  the  nineteenth  from  422,845  to  2,500,183  (ninety-five 
years). 

The  descendants  of  the  Indians  of  Massachusetts  are  now  less  than  800 
in  number,  and  are  mostly,  if  not  all,  of  mixed  blood. 

Table  1. —  Population  of  Massachusetts  and  Annual  Bates  of  Increase  (Oeo- 
metric),  17 6*5 -18 95,  compiled  from  Colonial,  United  States  and  State  Census 
Reports, 


Tkabi  ako  Chabaotbb  or  Each  Cbnbui. 


Popalmtloii. 


Annual  Hate  of  Increase. 


Colonial.  1765,    . 
Colonial,  1776,    . 
United  States,  1790, 
United  States,  1800, 
United  States,  1810, 
United  States,  1820, 
United  States,  1830, 
United  States,  1840, 
United  States,  1850, 
State,  1855, 
United  SUtes,  1860, 
SUte,  1865, 
United  States,  1870, 
State,  1875, 
United  States,  1880, 
State,  1«85, 
United  SUtes,  1890, 
State,  1895, 


239.764 

299,841 

878.787 

422.845 

472.040 

523,287 

610,408 

737,700 

994,514 

1,132.869 

1,231,066 

1,267,081 

1,457,351 

1,651,912 

1,783.085 

1,942,141 

2,238,943 

2,500,183 


2.05-|-  percent. 

1.68-[- percent 
1.11  percent. 
1.11  percent 
1.04  percent. 
1.55-|-  percent. 
1. 9 1-|- percent 
3.03-|- per  cent 
2.68  percent 
1.68-|- percent 

.58  percent 
2.84  percent 
2.54  percent 
1.54  percent 
1.72+  percent 
2.88-f- per  cent. 
2. 23-|- percent 


Mean  annaal  rate  of  increase  for  the  whole  period,  1765-1895, 1.82  per  cent,  or,  more 
accurately,  1.8199+. 


718 


STATE  BOARD  OF  HEALTH,         [Pub.  Doc. 


Table  2.  —  PopulcUion  by  Sexes,  Massachusetts, 


Okvscs  Tbavs. 


Total. 


Malet. 


Females. 


Per  Cent' 
M. 


Per  Cent. 

r. 


Females  tn  j        Sex 
1,000  Males,  not  Stated. 


1765,  . 
1776,  . 
1790,  . 
1800,  . 
1810.  . 
1820,  . 
1880,  . 
1840,  . 
1850,  . 
1855,  . 
1860,  . 
1865,  . 
1870,  . 
1875,  . 
1880,  . 
1885,  . 
1890,  . 
1895,  . 


238,195 

295,080 

378.787 

422,845 

472,040 

523.287 

610,408 

737,700 

994.514 

1,132,369 

1,231,066 

1,267,031 

1,457,351 

1,651,912 

1,783,085 

1,942,141 

2,238,943 

2,500,183 


105,042 

182,742 
205,135 
229,742 
255,462 
297.826 
365.333 
488.517 
550,034 
596,713 
602,010 
703.779 
794.383 
858,440 
932,884 
1,087,709 
1,214,701 


109,747 

190,582 
211,258 
235.561 
267,697 
312,188 
372,367 
505,997 
582,335 
634,353 
665,021 
753,572 
857,529 
924,645 
1,009,257 
1,151,234 
1,285,482 


48.90 

51.10 

1,045 

48.95 

51.05 

1,043 

49.38 

50.62 

1,029 

49.38 

50.62 

1.025 

48.83 

51.17 

1,048 

48.82 

51.18 

1,048 

49.52 

50.48 

1,019 

49.12 

50.88 

1,036 

48.57 

51.43 

1,059 

48.47 

51.53 

1,063 

47.51 

52.49 

1,105 

48.29 

51.71 

1,071 

48.09 

51.91 

1,079 

48.14 

51.86 

1,077 

48.03 

51.97 

1,082 

48.58 

51.42 

1,058 

48.58 

51.42 

1,058 

23,406 

5,463 

6,452 

6,737 

128 

894 


NoTB.  —  The  fignres  for  each  of  the  census  enumerations  prior  to  but  not  indoding  1820  pre- 
sent the  numbers  of  the  sexes  for  white  persons  only,  the  sex  of  colored  persons  being  omitted 
in  the  published  returns.  In  the  returns  for  1765  there  appears  to  baye  been  a  considerable 
number,  in  addition  to  the  colored  population,  who  were  not  classified  by  sex.  The  total  popu- 
lation at  the  census  of  1765  does  not  include  1,569  non-taxable  Indians,  and  that  of  1776  does 
not  indude  4,761  colored  persons. 
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Ages,  —  In  Table  3  are  presented  the  numbers  of  the  population 
at  dlflerent  age  periods  for  each  of  the  census  years  from  1855  to 
1895,  together  with  the  percentages  of  the  total  population.  These 
figures  show  that  the  relative  numbers  of  the  population  at  ages 
under  20  have  diminished  during  these  forty  years,  those  of  the 
age  period  20-30  have  remained  nearly  stationary,  while  those  of 
the  later  ages  have  increased. 

The  deficiencies  of  the  census  at  ages  under  five  years  have  re- 
ceived sufficient  comment  in  the  twenty-sixth  annual  report  of  the 
Board,  pages  liii-lvii. 


Population  by  Nativity  and  by  Races. 

Under  the  term  **  nativity"  it  has  been  the  custom  in  most  statis- 
tical documents  to  group  the  component  parts  of  the  population  into 
two  classes,  one  of  which  comprises  the  population  born  in  the  United 
States  and  the  other  embraces  the  sum  of  the  persons  of  difierent 
nationalities  born  outside  the  United  States.  The  term,  however,  so 
far  as  statistics  are  concerned,  must  be  regarded  very  largely  as  one 
of  degree,  since  nearly  the  entire  population  is  descended  from  for- 
eign ancestry  of  greater  or  less  remoteness  of  degree.  No  census 
enumeration  has  attempted  to  gather  information  dating  back  more 
than  two  generations  at  the  farthest. 

The  following  table  presents  the  numbers  and  percentages  of  the 
native  and  foreign  populations  at  difierent  census  periods  :  — 

Table  4. —  Population  by  Nativity  in  Census  Tears  (Massachusetts), 


Population. 

Pkkobhtaos. 

Teas. 

Native. 

Foreign. 

Natire. 

Forrign. 

1850, 
1866. 
1800, 
1865, 
187(», 
1875, 
1880, 
1885, 
1890, 

1896, 

830,490 

886,676 

970,960 

999,976 

1,104,032 

1,225,829 

1,339,594 

1,416,274 

1,581,806 

1,736,263 

164,024 
246,263 
260.106 
266,486 
868,819 
418,904 
44.8,491 
626,867 
667,137 
764,930 

83.61 
78.33 
78.88 
79.02 
76.76 
74.63 
76.13 
72.88 
70.66 
69.41 

16.49 

21.67 

21.12 

20.98 

24.24 

26.47 

24.87 

27.12. 

29.36 

30.69 

NoTB.  —  In  each  of  the  censns  ennmerations  of  1855, 1865  and  1875  a  small  number  of  per- 
sons whose  natiylty  was  anknown  (in  no  case  more  than  1  per  cent.)  is  excluded  ttom  the 
table. 
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From  the  foregoing  table  it  appears  that  the  foreign  population  has 
increased  from  a  percentage  of  16.49  in  1850,  to  30.59  in  1895,  the 
greatest  relative  increase  having  taken  place  between  1850  and  1855. 

Hace.  —  The  following  table  presents  the  population  classified  as 
white  and  colored,  the  latter  term  embracing  negroes,  mulattoes, 
Chinese,  Japanese  and  Indians  :  — 

Table  5.  —  Population^  White  and  Colored  (Massachusetts), 


Population. 

PSBCENTAOKa. 

Tkars. 

• 

White. 

Colored. 

White. 

Colored. 

1850,        

985,450 

9,064 

99.09 

.91 

1855, 

1,122,463 

9,906 

99.13 

.87 

1860, 

1,221,432 

9,602 

99.22 

.78 

1865. 

1,256,864 

10,167 

99.20 

.80 

1870. 

1,443,156 

13,947 

99.04 

.96 

1875, 

1,635,620 

16,292 

99.02 

.98 

1880, 

1,763.782 

18,697 

98.96 

1.06 

1885, 

1,922,944 

19,197 

99.01 

.99 

1890, 

2,215,873 

22,144 

99.01 

.99 

1895, 

2,471,418 

28.766 

98.86 

1.16 

In  the  following  table  are  presented  the  vital  statistics  of  the 
State  for  the  whole  period  of  registration,  including  the  estimated 
population  for  intercensal  years  and  the  rates  per  1,000  living :  — 

Table  ^.^  Marriages^  Births  and  Deaths  in  Massachusetts  (1842-95),  with 

Population  and  Rates  per  1,000  Living, 


Irths 

1 

^4 

te  of 
over 

Tbab*. 

• 

1 

4 

• 

s 

Persons  Ma 
to  1,000. 

Births    to 
Persons. 

Deaths  to 
Persons. 

Excess  Ra 
HIrths 
Deaths. 

♦1841-42, 

783,110 

5,742 

8,571 

9,544 

^ 

^ 

. 

. 

. 

♦1W2-43, 

806,862 

5.807 

8.750 

10,684 

- 

- 

- 

— 

- 

♦1848-44, 

831,828 

4,304 

14.757 

8.338 

— 

• 

— 

- 

• 

•1844-46, 

856,536 

4,863 

15,711 

8,844 

- 

- 

- 

- 

— 

♦1845-46, 

882.508 

5,263 

16.486 

12,114 

• 

. 

• 

- 

. 

♦184«  47,         .        . 

909.267 

5.390 

17.097 

14.492 

• 

— 

- 

- 

— 

♦1847  48,         .        .        . 

936.838 

5.287 

16.515 

15,609 

— 

- 

— 

17.17 

— 

tl848 

il840,      .... 

.. 

4,015 

12.540 

12,475 

— 

— 

- 

19.58 

— 

965.245 

6,936 

25,773 

20.423 

5.350 

- 

86.70 

21.16 

5.54 

1850,     .... 

894,514 

10,345 

27.664 

16,606 

11,058 

20.80 

27.82 

16.70 

11.12 

1851,      .... 

1.020,678 

11,966 

28.681 

18,984 

9,747 

23.44 

28.10 

18.55 

9.56 

1832,      .... 

1.047,520 

11.578 

29.802 

18.482 

11,320 

22.10 

28.45 

17.04 

10.81 

1S53.      .... 

1,075.072 

12,828 

30,920 

20,801 

10,619 

23.86 

28.76 

18.88 

9.88 

1854 

1,103.350 

13.683 

31.997 

21,414 

10,588 

24.80 

29.00 

19.41 

9.59 

1855,     .... 

1,132,889 

12.329      82,845 

20,798 

12,047 

2i.n 

29.01 

18.87 

10.64 

♦  The  statistics  of  the  first  eight  years  of  registration  are  for  the  years  ending  with  A pril  30  of  each  year. 

t  The  second  line  of  statistics  for  1848  is  for  the  eight  months  ending  Deo.  31,  1848. 

X  The  statistics  for  1849  and  for  each  of  the  following  years  are  for  the  eaiendar  years  ending  Dec.  81. 
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Table  6 — Concluded, 


^ 

• 

OfBlrthi 
Deaths. 

•a 

1 

r^ 

RtC    of 

over 

Ybjlxs. 

*■ 

S 

1 

• 

o  « 

2S 

'si 

o 
o. 
o 

• 

m 

1 

n 

1- 

£2 

II 

Is 

2**« 

US, 

£ 

s 

5 

Q 

H 

£ 

00 

Q 

H 

1856|      *        •        •        . 

1,161,461 

12,266 

34,446 

20,734 

13,711 

21.30 

29.91 

18.00 

11.91 

1867,      , 

1,170,864 

11.739 

36,320 

21,280 

14,040 

20.05 

30.16 

18.17 

11.99 

1858,      . 

1,100.684 

10,627 

84,491 

20.776 

13,716 

17.68 

28.07 

17.46 

11.5-i 

1869,      . 

1.210,667 

11.476 

86,422 

20,976 

14.446 

18.06 

20.26 

17.38 

11.93 

1860,      . 

1,281,066 

12.404 

36,061 

23.068 

12,983 

20.16 

20.28 

18.74 

10.64 

1861,      . 

1,288,177 

10,972 

86,446 

24.086 

11.360 

17.72 

28.63 

10.45 

0.17 

1862,      . 

1.246,828 

11.014 

82,276 

22,974 

9.301 

17.69 

26.92 

18.46 

7.47 

1863,      . 

1,262,621 

10,873 

80,314 

27,761 

2,663 

17.36 

24.20 

22.16 

2.05 

18ft4,      . 

1.259,766 

12,613 

80,449 

28.763 

1,696 

19.87 

24.17 

22.83 

1.85 

1865,     . 

1,267,081 

18,061 

80.249 

26.162 

4.097 

20.00 

23.87 

20.64 

8.23 

1866,      , 

1.302,992 

14,428 

34.085 

23.637 

10,448 

22.14 

26.16 

18.14 

8.02 

18rt7,      . 

1.389,976 

14,461 

86.062 

22,772 

12.290 

21.67 

26.17 

17.00 

0.17 

1868,      . 

1.378,010 

13.866 

86.193 

25.6i>3 

10,500 

20.12 

26.26 

18.58 

7.68 

I860,      , 

1,417.126 

14.826 

86.141 

26,054 

10.087 

20.02 

26.60 

18.39 

7.12 

1870,     . 

1,457,351 

14,721 

38,259 

27,329 

10.980 

20.20 

26.26 

18.75 

7.60 

1871, 

1,494.334 

16,746 

89.791 

27.943 

11.848 

21.08 

26.63 

18.70 

7.93 

1872,      . 

1,632.268 

16.142 

43,235 

36.019 

8.216 

21.08 

28.22 

22.86 

6.87 

1873,      , 

1,671,146 

16.437 

44,481 

83.912 

10.669 

20.92 

28.31 

21.58 

6.73 

1874,      . 

1,611,022 

16,664 

45.631 

81.887 

13.744 

19.82 

28.32 

10.70 

8.63 

1875,      . 

1,651,912 

18,668 

43,996 

34,978 

9,018 

16.64 

26.63 

21.17 

6.40 

1876,      . 

1.677,351 

12,749 

43,149 

83.186 

8.963 

16.20 

26.13 

10.78 

6.84 

1877, 

1,703,182 

12,768 

41,860 

31.342 

10.608 

14.98 

24.67 

18.40 

6.17 

1878,      . 

1,729,410 

12.893 

41,288 

31.303 

0.935 

14.01 

23.84 

18.10 

5.74 

1870,      . 

1,766.042 

13.802 

40.296 

31,801 

8,494 

16.72 

22.04 

18.11 

4.83 

1880,      . 

1,788,085 

16,638 

44.217 

86,202 

8,925 

17.42 

24.80 

10.70 

6.01 

1881, 

1,813,818 

16.768 

46,220 

86,458 

8,762 

18.49 

24.93 

20.10 

4.83 

1882,      , 

1,846,081 

17.684 

45.670 

36,786 

8,886 

19.17 

24.75 

10.93 

4.82 

1883,      . 

1,878,883 

18.194 

47,286 

87,748 

0,537 

19.38 

26.19 

20.11 

6.08 

1884,      . 

1,909.283 

17,333 

48,616 

36.990 

11,625 

18.16 

26.46 

19.38 

6.08 

1885, 

1,942,141 

17,062 

48,790 

88,004 

10,606 

17.66 

25.12 

19.61 

6.61 

1886,      . 

1,998.174 

18,018 

60,788 

37,244 

13.644 

18.04 

26.41 

18.64 

6.77 

1887, 

2,066,823 

19.633 

63,174 

40,763 

12,411 

10.00 

25.87 

19.86 

6.04 

1888, 

2,116,136 

19,739 

64,893 

42,097 

12,706 

18.66 

S6.06 

19.90 

6.06 

1889, 

2,176,169 

20,307 

67,075 

41,777 

16,298 

18.74 

26.23 

10.20 

7.03 

1890,      . 

2,238,948 

20,838 

67,777 

43,628 

14,240 

18.62 

26.81 

10.44 

e.87 

1801,     , 

2,288,911 

21,676 

68,004 

46.186 

17,810 

18.94 

27.63 

10.74 

7.79 

1802, 

2,339.993 

22,607 

65,824 

48,762 

17,062 

10.24 

28.13 

20.84 

7.20 

1893, 

2,392,216 

22,814 

67,192 

49,084 

18,108 

19.07 

28.09 

20.62 

7.67 

1804, 

2.446,604 

20.619 

66,936 

46,701 

20,146 

16.86 

27.37 

10.14 

8.24 

1895,      .        .        .        . 

2,500,188 

23,102 

67,646 

47,640 

20.005 

18.48 

27.02 

10.01 

8.01 

All  estimates  of  intercensal  years  are  made  in  accordance  with  the  rule 
recommended  by  Dr.  Farr  (the  geometric  rate  of  increase). 

The  vital  statistics  of  Xhe  first  seven  years  of  registration  (1842-48), 
together  with  the  returns  or  marriages  for  1849, .must  be  regarded  as  ex« 
tremely  defective ;  many  of  the  returns  from  Suffolk  County  for  this  period 
are  wanting,  together  with  those  of  some  of  the  small  towns.  From  the 
year  1849  onward  the  omissions  probably  constitute  but  a  small  percentage 
only  of  the  total  registration. 

The  figures  for  the  population  of  census  years  are  given  in  bold  type. 


Interstate  and  International  Vital  Statistics. 
The  following  table  presents  the  marriage,  birth  and  death  rates 
of  the  New  England  States  and  the  principal  civilized  countries  of 
the  world  for  1893,  1894  and  1895 :  — 
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MARRIAGES. 

The  whole  number  of  marriages  registered  in  Massachusetts  in 
1895  was  23,102,  and  the  marriage-rate  per  1,000  of  the  livinoj 
population  was  9.24.  The  number  of  persons  married  in  each  1,000 
of  the  population  was  18.48,  as  compared  with  a  rate  of  16.86  in 
1894  and  19.07  in  1893.  Comparing  the  two  twenty-year  periods 
1856-75  and  1876-95,  the  marriage-rates  were  19.77  for  the  former 
period  and  17.94  for  the  latter,  so  that  there  has  been  a  decrease  of 
1.83  per  1,000,  comparing  the  two  periods. 

The  successive  five-year  periods  show  considerable  fluctuations 
and  are  as  follows,  beginning  with  the  period  1856-60 :  19.62, 
18.66,  20.96,  19.73,  15.66,  18.54,  18.62  and  18.50. 

The  following  table  presents  the  number  of  marriages  with  the 
marriage-rates  for  each  year,  each  five-year,  ten-year  and  each 
twenty-year  period.  The  numbers  for  earlier  years  may  be  found  in 
the  table  on  page  721. 


Table  8.  —  Marriages  and  Marriage-rates^  Massachuselts,  1856-95, 


i 

Mabriaoe-ratkb. 

Ykaks. 

1 

Marriaok-raths. 

Tkabs. 

1 

• 

m 

• 

o 

S2 

8« 

• 

\ 

s 

\ 

erson 
perl 

1 

s 

1 

enon 
perl 

i 

a 

(U        1 

b 

H 

s 

a.      1 

>* 

H 

185fl,     . 

12,265 

21.30 

* 

1876,   . 

12.749 

15.20 

1 

1857.     . 

11,789 

20.05 

1877.   . 

12,758 

14.98 

1858,     .        .        . 

10,527 

17.68 

|-19.62 

« 

1878,  . 

12,893 

14.91 

)>  16.66 

1859,     . 

11,476 

18.96 

1879,   .        .        . 

13,802 

16.72 

1860,     .        .        . 

12,404 

20.16 

1880,   .        .        . 

15,538 

17.42 

I 19.18 

[ 17.16 

1861,     .        .        . 

10,972 

17.72 

« 

1881,   .        .        . 

16,768 

18.49 

1 

1862,     .        .        . 

11,014 

17.69 

1882,   . 

17,684 

19.17 

1868,     . 

10,878 

17.36 

> 18.66 

1883,  . 

18,194 

19.88 

M8.64 

1864,     . 

12.518 

19.87 

J 

18S4,   . 

17.383 

18.16 

1865,    .       .      . 

13,051 

20.60 

1885,  .      .       . 

17,052 

17.66 

J 

1866,     . 

14,428 

22.14 

V 

1886,   . 

18.018 

18.04 

1 

1867,     . 

14.451 

21.67 

1887,  . 

19,533 

19.00 

1868,     .        . 

13.856 

20.12 

|-20.06 

« 

1888,   . 

19,739 

18.66 

>18.62 

1869,     . 

14.826 

20.92 

18H9,   . 

20,897 

18.74 

1 

1870,     .        .        . 

14,721 

20.20 

■ 

20.31 

1890,  .       .       . 

20.888 

18.62 

J 

yi8.6« 

1871,     .        . 

16.748 

21.08 

N 

1891,   .        .        . 

21,676 

18.94 

1 

1872,     . 

16.142 

21.08 

1892,   . 

22.607 

19.24 

1 

1878,     . 

16.437 

20.92 

I 19. 78 

1893,   . 

22.814 

19.07 

^18.50 

1874,     . 

15,564 

19.82 

1894,   . 

20,619 

16.86 

^ 

1875,     .       .       . 

13,668 

16.54 

J 

1895,  .       .       . 

23,102 

18.48 

Mean  of  twenty-year  periods,        .       .10.77,      •       .       . 

Mean  of  forty  years z=  18.67. 


17.94 


No.  34.] 


VITAL  STATISTICS. 


725 


The  maximum  marriage-rate  in  any  year  of  the  forty-year  period 
was  22.14  per  1,000  in  1866,  and  the  minimum  was  14.91  in  1878. 

The  marriage-rate  of  England  has  declined  slightly,  from  a  maxi- 
mum of  17.9  in  1853  to  a  minimum  of  14.2  in  1886,  and  then  slightly 
increased  to  15.6  in  1891.  Those  of  Denmark,  Sweden  and  Hungary 
have  declined  slightly,  while  those  of  Prussia,  Italy  and  France 
have  remained  nearly  stationary. 

A  more  correct  measure  of  the  marriage-rate  is  the  relation  of 
the  number  of  marriages  to  the  number  of  unmarried  persons  of 
marriageable  age  of  each  sex.  For  this  purpose  the  figures  of  the 
State  Census  of  1885  are  selected,  and  it  is  assumed  that  males 
are  marriageable  at  the  age  of  sixteen  and  females  at  the  age  of 
fifteen.  A  very  small  number  of  females  were  married  at  ages 
under  fifteen,  but  the  number  was  less  than  one-tenth  of  one  per 
cent,  of  the  total  number  of  females  who  were  married  in  that  year. 
The  term  '^marriageable  population '*  embraces  all  single  persons, 
divorced,  and  widowers  and  widows  of  the  ages  named. 

The  following  figures  present  the  ratio  of  the  married  persons  to 
the  marriageable  persons  of  the  same  year :  — > 

Table  9.  —  RelcUion  of  Marriages  to  Marriageable  Population  in  Massachusetts^ 

1885, 


Harriaokablb  Pkrsons. 

Persons  Married  of 
Each  Sex. 

Ratk  pbk  1,000  oir  Marriaobabuc 
Population. 

Males. 

Females. 

Males. 

Females. 

277,180 

370,973 

17,052 

61.5 

46.0 

Marriages  to  Each  IfiOO  Marriageable  Persons  of  Each  Sex  in  Different 

Countries, 


Countries. 

Males. 

Femalea. 

COUMTRIBS. 

Males. 

Females. 

Bavaria,    .... 
WUrteraberg,   . 
Austria,    .       .       .     '  . 
luly,         .... 
France,     .... 

67 
04 
68 

49 
67 

44 

46 
60 

49 
40 

England,  .... 
Sweden,    .... 
Switzerland,     . 
MasaachuseUa,         .       . 

02 
63 
60 
01.6 

63 
87 
89 
40 

The  foregoing  figures  comprise  the  statistics  of  about  eight  million  mar- 
riages in  the  countries  named,  and  require  the  following  interpretation : 
The  term  *^  marriageable  persons"  in  the  figures  for  Austria,  Italy  and 
England  relates  to  such  unmarried  persons  of  each  sex  as  are  fifteen  years 
of  age  and  over.  In  the  figures  for  Switzerland  it  relates  to  men  eighteen 
years  old  and  over  and  women  sixteen  years  old  and  over. 
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Ages,  — The  following  table  presents  the  average  age  at  marriage 
of  all  men  and  women  married,  and  of  all  men  and  women  married 
for  the  first  time,  for  the  five  years  1891-95  :  — 

Table  10.  —  Mean  Age  cU  Marriage,  1891-95,  in  Massachusetts,  expressed  in 

Years  and  Fractions  of  a  Fear* 


Years. 


Average  Age 

of  All 
Brldegroomf. 


Average  Age  of 
All  Brides. 


Average  Age 

of  Men  Marrying 

the  Flrat  Time. 


Average  Age  of 

Women  Marrving 

the  First  Time. 


1891, 
189«, 
1898, 
1894, 
1895, 


28.89 
28.85 
28.90 
29.10 
28.91 


25.53 
25.37 
25.47 
25.59 
25.59 


26.82 

26.76 
28.88 
26.98 

26.89 


24.28 
24.24 
24.40 
24.89 
24.42 


*  For  earlier  years  see  forty-ninth  registration  report,  1890. 

The  figures  for  England  difier  but  little  from  those  of  Massachu- 
setts, and  show  a  tendency  toward  increasing  age  at  marriage  for 
both  sexes. 

Table  11.—  Mean  Age  at  Marriage,  in  England,  1885-95, 


Tbass. 


All  Men. 


An  Women. 


Bachelors. 


Spinsters. 


1885, 
1890, 
1896, 


28.15 
28.82 
28.42 


25.88 
26.03 
28.16 


26.08 
26.88 
26.50 


24.58 
24.81 
25.04 


For  the  two  twenty-year  periods,  1856-75  and  1876-95,  the  mean 
ao'es  of  males  and  females  at  marriao^e  were  as  follows :  — 

Table  12.  —  Mean  Age  at  Marriage,  Massachusetts,  1856-95. 

Men, 


TWBWTT-TIAB  PlBIODS. 

Whole  Number  of 
Persons  whose  Ages 

were  known 
at  Tlmo  of  Marriage. 

Total  Tears  of  LlfiB 

lived  at 
Date  of  Marriage. 

Mean  Age  at  Marrtafs 

In  Years  and 

Fractions  of  a  Year. 

1856-75.      .... 
1876-95,      .... 

261,882 
863,723 

7,640,653 
10,548.543 

28.85 
29.00 

Women, 

1856-75,      .... 
1876-95,      .... 

264.258 
863.553 

6.585,332 
9,236,727 

24.92 
25.41 
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By  the  foregoing  table  it  appears  that  the  mean  age  of  men  at 
marriage  has  increased  from  28.85  to  29  years,  or  fifteen  hundredths 
of  a  year,  or  about  one  month  and  twenty-five  days,  comparing  the 
first  period  of  twenty  years  with  the  latter  period.  The  mean  age 
of  women  has  increased  during  the  same  time  forty-nine  hundredths 
of  a  year,  or  about  five  months  and  twenty-eight  days. 

Nativity.  —  The  nativity  of  persons  married  in  Massachusetts 
during  1895  was  as  follows,  in  percentages  of  the  total  number  mar- 
ried whose  nativity  was  known :  Native  born,  55.G3 ;  foreign  born, 
44.37. 

Three  couples  whose  nativity  was  unknown  are  not  included  in  the 
foregoing  figures. 

For  the  whole  period  of  forty  years,  divided  into  two  twenty-year 
periods,  the  statistics  were  as  follows :  — 

Table  l^.  — Marriages  by  Nativity  for  the  State,  1856-95. 


Coaples. 

American. 

Forelffn. 

Americtin 
Male. 

Foreign 
Male. 

Unknown. 

l*£RCKNTA0B8. 

Pkbiod. 

American. 

Foreign. 

1856-75,  . 
1876-95,  . 

266,667 
364,013 

152,435 
185,922 

79,840 
104,447 

14,897 

88,956 

17,286 
84,537 

2,709 
151 

63.75 
61.20 

36.25 
38.80 

From  the  foregoing  table  it  appears  that  the  whole  number  of 
native-born  persons  married  in  the  first  twenty-year  period  was 
33t),553,  or  63.75  per  cent.,  and  those  of  foreign  birth  were 
191,2()3,  or  36.25  per  cent. 

In  the  second  period  the  persons  of  native  birth  were  445,337,  or 
61.20  per  cent.,  and  those  of  foreign  birth  were  38.80  per  cent.  In 
this  table  those  of  unknown  birth  are  excluded  in  calculating  the 
percentages. 

The  foregoing  figures  convey  no  information  as  to  the  marriage- 
rates  of  persons  of  native  and  of  foreign  birth.  This  information 
can  only  be  gained  by  a  comparison  of  these  groups  of  the  popula- 
tion with  the  marriages  or  persons  married  in  each. 

The  following  table  presents  the  population  at  census  years,  with 
the  number  of  persons  married  and*  the  marriage-rates  of  each 
group :  — 
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Table  14.—  Marriages  and  Marriage-rates  by  Nativity  ^Massachusetts  {1850-95), 


Tear. 


POPULATIOir. 


native. 


Foreign. 


1850. 
1855, 
1860, 
1865, 
1870, 
1875. 
1880, 
1885, 
1890, 
1895, 


830,490 

886,575 

970,960 

999,976 

1,104,082 

1,225,829 

1,839,594 

1,415,274 

1,581,806 

1,735,258 


164,024 
245.263 
260,106 
265,486 
353,319 
418,904 
443,491 
526.867 
657,137 
764,930 


PlBSOHa  Mabsiid. 


NaUra. 


Foreign. 


13,486 
14,790 
15,363 
16,942 
18,795 
17,752 
21.499 
21,593 
23.866 
25.701 


5.798 

9.492 

8,911 

9,036 

10,617 

9.572 

9.571 

12.499 

17,780 

20.497 


Mabblaqe-ratkb. 


NatlTe. 

Foreign. 

16.24 

35.35 

16.68 

38.70 

15.82 

34.26 

16.94 

34.04 

17.02 

30.05 

14.48 

22.85 

16.05 

21.58 

15.26 

23.72 

15.09 

27.06 

14.81 

26.80 

From  the  foregoing  table  it  would  appear  at  first  sight  that  the 
marriage-rate  of  the  foreign  population  is  very  much  in  excess  of 
that  of  the  native  population,  the  excess  ranging  in  difierent  census 
years  from  34  to  132  per  cent. 

There  are,  however,  certain  reasons  for  this  excessive  difference 
which  exists  in  the  age  constitution  of  these  two  groups  of  the  popu- 
lation. In  the  native  population  the  age  distribution  approaches 
quite  nearly  that  of  a  normally  constituted  population,  like  that  of 
Sweden,  while  that  of  the  foreign  population  is  influenced  by  the  age 
of  the  immigrants  entering  the  State.  Of  the  immigrants  who  entered 
the  United  States  at  several  successive  census  periods,  more  than 
one-half  were  between  the  ages  of  fifteen  and  thirty  years  and  more 
than  two-thirds  were  between  the  ages  of  fifteen  and  forty.  (See 
note,  page  iv,  twenty-sixth  report  of  State  Board  of  Health,  1894.) 
Furthermore,  while  the  population  of  foreign  birth  constituted  27.1 
per  cent,  of  the  total  population  by  the  census  of  1885,  the  foreign 
population  under  fifteen  years  of  age  was  only  7.3  per  cent,  of  the 
total  population  of  those  ages,  and  the  foreign  population  between 
the  ages  of  fifteen  and  sixty  constituted  34.6  per  cent,  of  the  total 
population  of  those  ages,  as  shown  by  the  following  table  :  — 
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Table  15.  —  Pereentage  of  Native  and  Foreign  Population  at  Certain  Ages,  1885, 

in  Massachusetts. 


▲OB  PKBIODS. 

NatiTe. 

Foreign. 

All  under  fifteen  years, 

Fifteen  to  sixty  years, 

All  over  sixty, 

92.7 
65.4 
70.6 

7.3 
84.6 

29.4 

100.0 
100.0 
100.0 

Since  the  period  fifteen  to  sixty  embraces  nine-tenths  of  all  persons 
of  marriageable  ages,  it  follows  that,  other  things  being  equal,  the 
class  having  relatively  the  greatest  number  of  persons  at  these  ages 
would  show  the  greater  marriage-rate.  This,  however,  can  account 
for  only  a  fraction  of  the  excess. 

Maces.  —  The  only  registration  reports  of  Massachusetts  in  which 
the  vital  statistics  of  different  races  are  given  are  those  of  1888  and 
1889. 

The  following  table  presents  the  number  of  persons  married  and 
marriage-rates  of  those  years,  both  of  the  white  and  of  the  colored 
population :  — 


Table  16.  —  Persons  Married,  1888  and  1889,  White  and  Colored,  and  Marriage- 
rates, 


ESTIM ATKD  POPULATIOW. 

PSUONt  MASBIKD. 

Maskiaob-batbs  (Pes- 
so«t  Mabbibd). 

Tbais. 

White. 

Colored. 

White. 

Colored. 

White. 

Colored. 

looo,            ... 

1889, 

2,094,220 
2,154,637 

20,916 
21,522 

38,969 

40,309 

509 

485 

18.4 
18.7 

24.4 

22.5 

In  the  foregoing  statement  the  term  <<  colored  ^  embraces  negroes, 
mulattoes,  Chinese,  Japanese  and  Indians.  The  Chinese,  Japanese 
and  Indians  have  at  no  time  within  the  forty-year  period  under  con- 
sideration constituted  more  than  5  per  cent,  of  those  enumerated  as 
colored  persons. 
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Marriages  by  Months.  —  For  the  two  twenty-year  periods,  1856-75 
and  1876-95,  the  figures  were  as  follows :  — 

Table  17.  —  Marriages  by  Months^  ISSO-QS,  with  Relative  Figures  for  Other 

Countries. 


Months. 


Mabbiaobs. 


• 


Janaary,   

February, 

March, 

AprU 

May, 

June, 

July, 

Augnat 

BepUmber 

October, 

Noyember,       •       •       •       • 

December 

Totel 

Mean, 

Dally  mean  for  whole  period. 


t4,S18 
19|714 
14,107 
21,852 
28,178 
22,782 
19,869 
18,285 
22,817 
25,784 
88,117 
20,955 


265,928 


29,960 
25,988 
16,886 
80,419 
27,623 
87,728 
25,874 
24,740 
88,468 


44,178 
27,504 


MoMTHLT  Ratio  Rbduobd  to  a  Stamdabo  or  100. 


108.7 

85.8 

62.5 

87.8 

102.7 

104.1 

85.8 

81.0 

104.5 

114.8 

151.6 

92.9 


100.0 
86.4 


10 

• 

t 


87.0 
92.4 

54.9 
101.8 

88.5 
126.2 

82.1 

80.1 
112.0 
129.4 
147.8 

89.1 


100.0 
49.8 


1876-80. 


•6 

9 

I 


s 


s 


9 


71 
125 

88 
115 
187 

98 

85 

n 

00 
110 
184 

76 

100 


92 

122 

65 

100 

122 

08 

84 

67 

85 

185 

155 

77 

100 


08 

284 

21 

40 

108 

04 

72 

01 

74 

114 

240 

7 


100 


121 

167 

84 

105 

88 

78 

68 

72 

00 

100 

125 

110 


100 


S 


118 

147 

62 

100 

104 

114 

04 

71 

80 

110 

185 

68 


100 


£ 


41 

66 

80 

100 

88 

108 

70 

62 

67 

162 

170 

108 

100 


*  In  each  of  the  eight  colamna  of  relative  figures  the  Inaoooracles  dae  to  the  aneqoal  length  of  the 
months  are  eliminated.  The  figures  In  the  last  six  columns  are  the  result  of  observations  upon  over  five 
mllUon  marriages  tn  the  countries  named. 


From  the  foregoing  table  it  appears  that  during  the  forty  years 
1856-95  considerable  changes  have  taken  place  in  the  times  and 
seasons  selected  for  marriage,  when  the  two  twenty-year  periods 
are  compared.  Using  the  number  100  as  a  standard  of  comparison 
in  each  instance,  there  appears  to  have  been  a  decrease  in  January 
in  the  intensity  of  the  marriage-rate,  from  8.7  per  cent,  above  the 
mean  to  3  per  cent,  below  it.  In  April,  there  was  an  increase  from 
2.2  below  the  mean  to  1.8  per  cent,  above  it.  In  May,  there  was 
a  decrease  from  2.7  above  to  10.5  per  cent,  below  the  mean. 

The  greatest  divergence  from  the  mean  appears  in  March  and 
November,  that  of  March  having  increased  from  37.5  below  the  mean 
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to  45.1  per  cent,  below,  and  that  of  November  having  decreased 
from  51.6  above  the  mean  to  47.8  above.  Religious  and  social  cus- 
toms undoubtedly  account  largely  for  these  differences  in  the  mar- 
riage-rate in  different  months  as  well  as  for  the  differences  between 
the  conditions  prevailing  in  the  two  twenty-year  periods. 

The  months  of  June  and  October  have  increased  considerably  in 
popular  favor  as  months  for  marriage,  as  also  appears  by  consulting 
the  following  figures  for  the  single  year  1895. 

For  the  single  year  1895  the  monthly  ratios  (upon  a  standard  of 
100)  were  as  follows :  First  six  months  in  their  order,  87.4,  96.4, 
43.8,  97.5,  74.4,  151.5;  second  six  months,  84.0,  80.6,  120.7, 
141.2,  144.7,  81.0. 

The  mean  daily  number  for  the  year  was  63.3. 

The  mean  daily  number  of  marriages  had  increased  from  36.4 
per  day  in  the  first  twenty-year  period  to  49.8  in  the  second,  while 
the  mean  daily  numbers  in  the  extreme  years  1856  and  1895  were 
33.5  and  63.3. 

FEOUNDrrr  of  Mabbiage. 

The  marriages  in  any  year  give  rise  to  births  which  are  recorded 
during  the  following  twenty  years  or  nearly  so.  The  division  of  the 
sum  of  these  births  by  the  marriages  would  express  the  fecundity 
of  the  marriages,  but  it  is  impossible  to  follow  each  family  and 
count  the  children,  hence  some  ready  method  must  be  adopted  for 
estimating  the  fecundity.  In  a  stationary  population  in  which  the 
marriages  do  not  increase  from  year  to  year,  the  births  of  any  year 
might  be  divided  by  the  marriages  of  the  same  year  to  obtain  the 
desired  result,  but  the  marriages  are  constantly  increasing,  hence 
the  births  of  a  given  year  must  be  divided  by  the  marriages  of  a 
previous  year.  Since  the  ages  of  mothers  are  not  a  matter  of 
record,  the  interval  in  Massachusetts  which  intervenes  between  the 
mean  age  of  marriage  and  the  mean  age  of  mothers  when  their 
children  are  born  is  unknown. 

This  interval  in  Sweden  is  six  years,  and  Dr.  Farr  assumes  a 
similar  period  for  England.  In  the  twenty-eighth  registration  report 
of  Michigan  ( 1894) ,  Dr.  Wilbur  assumes  a  mean  period  of  five  years, 
and  states  that  ^'  for  convenience,  comparison  of  births  may  well  be 
made  with  the  marriages  of  the  preceding  five-year  period,  and  with 
little  sacrifice  of  accuracy."  The  mean  period  for  the  foreign  born 
is  slightly  longer  than  that  for  the  native  bom. 
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Assuming  a  five-year  period  for  Massachusetts,  the  fecundity  for 
all  marriages  is  as  follows :  — 


For  those 
For  those 
For  those 
For  those 
For  those 
For  those 
For  those 
For  those 


which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 


in  the  period 
in  the  period 
in  the  period 
in  the  period 
in  the  period 
in  the  period 
in  the  period 
in  the  period 


1851-55 
1856-60 
1861-65 
1866-70 
1871-75 
1876-80 
1881-85 
1886-90 


2.8  children 
2.7  children 
3.1  children 

3.0  children 
2.7  children 
3.5  children 

3.1  children 
3.4  children 


per  mamage. 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage. 


These  figures  do  not  exactly  express  the  fertility  of  all  childrbear- 
ing  womeuy  since  a  small  ratio  of  illegitimate  children  are  included 
in  the  living  births  whose  mothers  are  not  represented  in  the  mar- 
riages. The  difference  in  the  result  in  Massachusetts  would,  how- 
ever, be  very  slight,  affecting  the  figures,  mostly,  only  in  the  second 
place  of  decimals. 

The  fecundity  of  the  native  and  of  the  foreign  bom  differs  very 
greatly,  as  is  shown  by  the  following  table,  which  presents  the  ratio 
of  births  in  each  census  year,  as  compared  with  the  marriages  at  a 
census  five  years  earlier :  — 

Table  18. — Fecundity  of  the  Marriages  in  Cenms  Years, 


Tbass. 


CHILDBBir  BOBM  TO  EACH  IfAmUAOB. 


NatiTe. 

Forelffn. 

2.5 

5.0 

2.4 

8.7 

1.9 

8.5 

2.1 

4.5 

2.2 

4.4 

2.4 

4.4 

2.2 

5.0 

2.4 

5.0 

2.4 

4.8 

1850, 
1855, 
1860, 
1865, 
1870, 
1875, 
1880, 
1885, 
1890, 
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This  method  is  not  quite  so  accurate  as  the  comparison  of  groups 
of  years,  but  the  approximate  mean  ot  the  two  columns,  2.3  for 
native  marriages  and  4.4  for  those  of  the  foreign  born,  shows  that 
the  number  of  children  in  the  latter  class  is  nearly  twice  that  of  the 
former. 

A  population  with  only  2.3  children  to  each  married  couple  is 
not  holding  its  own,  after  allowing  for  the  deaths  which  occur  in 
the  first  five  years  of  life. 


BIRTHS. 

The  whole  number  of  living  births  registered  in  1895  was  67,545. 
This  number  was  larger  than  that  of  any  previous  year.  It  exceeded 
the  births  of  the  previous  year  by  609,  and  those  of  1893  by  353. 
It  was  also  greater  than  those  of  1885  by  18,755.  It  exceeded 
those  of  1875  by  23,549,  and  was  considerably  more  than  double 
the  number  which  occurred  in  1865. 

The  number  of  births  in  each  1,000  of  the  living  population  in 
1895  was  27.02.  This  birth-rate  was  less  than  that  of  either  of  the 
four  immediately  preceding  years  but  greater  than  that  of  any  other 
year  since  1874. 

Comparing  the  birth-rates  of  the  two  twenty-year  periods,  1856-75 
and  1876-95,  the  birth-rates  were  27.11  per  1,000  for  the  former 
period  and  25.86  for  the  latter, — the  difference  being  1.25  per 
1 ,000  in  favor  of  the  former. 

The  birth-rates  of  successive  five-year  periods,  beginning  with 
1856-60,  were  as  follows:  29.51,  25.34,  26.07,  27.62,  24.25,  25.09, 
25.86  and  27.62. 

The  following  table  presents  the  numbers  of  living  births  and  the 
birth-rates  for  each  year,  together  with  the  birth-rates  of  five-year, 
ten-year  and  twenty-year  periods.  The  numbers  for  earlier  years 
may  be  found  in  the  table  on  page  721. 
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Table  19. —  Births  and  Birth-rates,  Massachusetts,  1866-95. 


Blrthi. 

BiBTH-BATBfl. 

YlAKfl. 

Births. 

BntTB-KATKS. 

YSABS. 

J" 

A 

h-rates 
r  10,000 
vlng. 

i 

2sa 

% 

£§;3 

c 

n 

h 

^ 

CQ 

S 

H 

1866,  . 

84,446 

20.01 

' 

1876, 

42,140 

26.13 

1 

1867,  . 

86,820 

30.16 

1877, 

41.860 

24.67 

!>  24.25 

1868,  . 

34,401 

28.07 

I2O.6I 

' 

1878, 

41,238 

23.84 

^ 

1860,  . 

36,422 

20.26 

1 

1870. 

40.205 

22.04 

rf 

1860,  .       .       . 

86,061 

20.28 

J 

1880,         .        . 

44,217 

24.80 

I27.88 

{-24.60 

1861,  .       . 

86,446 

28.63 

' 

1881, 

46,220 

24.08 

1 

1862,  . 

82,276 

26.02 

1882, 

46,670 

24.76 

1 

1863,  . 

30,814 

24.20 

I26.34 

1883, 

47,286 

26.10 

i- 26.00 

1864,  . 

80,440 

24.17 

1884, 

48,616 

26.46 

1865,  .       .       . 

80,240 

23.87 

* 

1885,        .      . 

48,700 

26.12 

J 

1866,   . 

84,086 

26.16 

1 

1886, 

60,788 

26.41 

\ 

1867.  . 

36,062 

26.17 

1 

1887, 

63,174 

26.87 

1 

1868,   . 

36,103 

26.26 

V 26.07 

1 

1888, 

64,803 

26.05 

>26.86 

0 

1800,  . 

36,141 

26.60 

1880, 

67.076 

26.23 

1 

1870,   .        .        . 

38,260 

26.26 

* 

26.80 

1890,        .       . 

67,777 

26.81 

J 

►26.79 

1871,  . 

80,701 

26.68 

^ 

1801, 

63,004 

27.63 

\ 

1872,  . 

43,236 

28.22 

1 

1802, 

66,824 

28.13 

1878,  . 

44,481 

28.31 

^•27.62 

1803, 

67,102 

28.00 

1^27.62 

J 

1874,  . 

46,631 

28.32 

1804, 

66,036 

27.37 

1 

1875,  .       .       . 

43,006 

26.68 

J 

1895,        .       . 
Total, 

67,646 

27.02 

J 

Total, . 

731,386 

- 

1,040,637 

- 

Mean  (20  years), 

- 

27.11 

Mean  (20  years), 

- 

26.86 

Mean  of  40  years,  26.36 


8ex.  —  Of  the  whole  number  of  living  children  born  in  1895, 
34,623  were  males  and  32,905  were  females,  indicating  a  ratio  of 
1,052  males  to  1,000  females. 

The  following  were  the  numbers  by  sexes  for  the  five  years 
1891-95:  — 


Table  20.  —  BirthB  by  Sexes,  1891-95. 


Tsars. 


Males. 


Females. 


Males  to  1^000 
Females. 


1891, 
1892, 
1893, 
1894, 
1895, 


82,632 
33,768 
34,828 
84,388 
34,623 


80,434 
81,961 
32,829 
82,676 
82,906 


1,069 
1,067 
1,046 
1,064 
1,062 


For  the  two  twenty-year  periods  1856-75  and  1876-95  the  totals 
and  means  were  as  follows :  — 
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Table  21,-- Births  by  Sexes,  1856-95. 


PSBIOD0. 


Maltti. 


Females. 


Males  to  1,000 
Females. 


1856-75, 
1876-95, 


375,324 
615,185 


354,466 
489,468 


1,059 
1,053 


The  births  whereof  the  sex  was  unknown  are  excluded  from  the 
foregoing  summary.  They  constituted  less  than  one-fifth  of  one 
per  cent,  of  the  whole  number. 

The  ratio  of  males  to  females  for  all  actual  conceptions  would 
be  slightly  higher  than  those  presented  above,  since  the  ratio  of 
males  to  females  among  the  still-born  is  usually  much  higher  than 
that  of  living  births.  For  example,  for  the  year  1895  the  ratio  of 
males  to  females  among  all  births,  living  and  dead,  was  1,066  instead 
of  1,052,  as  expressed  in  the  table.  The  ratio  for  the  whole  period 
of  forty  years  was  also  1,066  males  to  1,000  females  for  all  births, 
living  and  dead. 

Other  Countries, 

The  following  figures  show  the  relation  of  the  sexes  at  birth  in  different 
countries  for  a  ten-year  period  (1871-80)  :  — 

Table  22.-^  Births  of  Males  to  IflOO  Females, 


German  Empire,* 
Switzerland,  . 
Austria,  . 
Italy,       .       . 
France,    • 
Belginm, 


Holland, 
England,! 
Denmark, 
Sweden, 
Norway,        • 

Md99achu$ett9,t 


1,068 
1,038 
1,068 
1,000 
1,001 
1,000 


*  The  flgnrea  for  the  Oerman  Empire  are  for  the  years  1872-80. 

t  Still-blrtbe  not  Inolnded  in  the  flgnree  for  England,  which  probably  aoeonnta  for  ita  difference  from 
the  other  flgnree. 

X  The  etatietiea  for  Maaiaohnaetta  are  for  the  forty  years  1850-M. 

The  foregoing  figures  are  the  average  results  of  over  50^000,000  births 
which  occurred  in  the  countries  named. 


Seasons.  —  The  number  of  births  in  each  month  during  the  two 
periods  1856-75  and  1876-95,  together  with  the  daily  number  of  births 
in  each  month  and  the  monthly  ratio  reduced  to  a  standard  of  100,  is 
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shown  in  the  following  table,  wherein  it  appears  that  the  greatest 
daily  number  occurred  in  August  in  each  period  and  the  least  in 
January  in  the  first  period  and  in  May  in  the  second. 

For  the  single  year  1895  the  monthly  ratios  upon  a  standard  of  100 
were  as  follows:  First  six  months,  101.2,  101.7,  94.8,  90.7,  95.3, 
98.5 ;  second  six  months,  103.3,  104.9,  105.3,  102.7,  98.4,  102.9. 

The  mean  daily  number  for  the  year  was  185.04. 


Table  23.  —  Births  by  Months,  ISSO-Od. 


MOMTHB. 


BiBTHt. 


1809-70. 


1S79-00. 


January, . 

66,308 

Febniary, 

62,477 

March,     . 

60,897 

April, 

66,840 

May, 

67,838 

Jane, 

68,000 

July, 

63,476 

Augnst,   . 

67,181 

September,     . 

64,086 

October,  . 

66,169 

November, 

•  63,614 

December, 

66,884 

Totals, . 

780,706 

Means,     . 

- 

Daily  number. 

100.08 

85,161 
80,010 
87,828 
81,773 
83,710 
84,604 
92,724 
94,987 
90,030 
90,208 
87,481 
91,441 


1,049,460 


148.7 


1S56-70. 


Monthly 

Batlo 

Bedaced  to  a 

Standard 

of  100. 


89.8 

92.9 

96.6 

92.7 

93.0 

96.7 

102.4 

108.3 

108.2 

106.7 

106.0 

107.0 


100.0 


Quarterly 
Batio. 


}  92.9 


94.1 


1>106. 


8 


106.6 


100.0 


Hair- 
yearly 
Batio. 


>  93.6 


106.4 


100.0 


1S79-00. 


Monthly 

Batlo 

Bednoedtoa 

SUndard 

of  100. 


96.6 

98.6 

98.0 

94.9 

94.0 

98.1 

104.1 

106.6 

104.4 

101.3 

101.6 

102.7 


100.0 


Qnarterly 
Batlo. 


Half- 
yearly 
BaUo. 


97.4 


96.6 


y 106.0 


M01.8 


100.0 


90.6 


S103.4 


100.0 


The  mean  daily  number  of  births  in  the  first  period,  1856-75,  was 
100.03  and  that  of  the  second  period  was  143.7. 

Comparing  the  two  extreme  years,  1856  and  1895,  the  mean  daily 
number  had  nearly  doubled,  the  figures  being  94.1  per  day  in  1856 
and  185.04  in  1895. 

The  relative  excess  of  births  in  the  last  half  of  the  year  over  the 
first  half  had  diminished  in  the  following  ratio :  — 

For  each  1,000  births  in  the  first  half  of  the  year  there  were 
1,138  births  in  the  last  half  for  the  twenty  years  1856-75,  and 
for  the  twenty  years  1876  to  1895  there  were  1,000  births  in  the 
first  half  to  1,071  births  in  the  last  half  (in  equal  periods  of  time). 
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Births  by  Parent  Nativity.  —  Since  the  gross  numbers  of  births  of 
the  native  and  the  foreign  population  of  the  State,  with  the  percent- 
ages of  each  to  the  total  number  of  births,  convey  no  correct  idea  of 
the  birth-rates  of  these  groups  of  the  population,  they  are  omitted  in 
the  following  table,  and  the  births  of  the  native  and  foreign  popula- 
tion are  compared  in  each  instance  with  the  living  population  of  each 
group  as  found  by  census  enumeration. 

In  the  following  table  the  births  of  mixed  parentage  are  equally 
distributed  between  those  of  native  and  those  of  foreign  birth ;  the 
numbers  of  children  having  native  mothers  and  foreign  fathers  and 
those  of  children  having  foreign  mothers  and  native  fathers  are  nearly 
equal.  A  small  percentage  of  births  of  unknown  parentage  is  ex- 
cluded from  the  table. 


Table  24.  —  Births  and  Birth-rates  by  Parent  Nativity^  Massachusetts, 


POPULATIOX. 

BntTHS. 

BnTH-KATBS. 

Tbass. 

Nitlve. 

Foreign. 

Native 
ParenUffe. 

Foreign 
Parentage. 

NatlTe. 

Foreign. 

I860,. 
1866,. 
1860, . 
1866, . 
1870, . 
1876, . 
1880, . 
1886, . 
1890, . 
1896, . 

830,490 

886,676 

970,960 

999,976 

1,104,032 

1,226,829 

1,339,694 

1,416,274 

1,681,806 

1,736,263 

164,024 

246,263 

260,106 

266,486  ' 

363,319 

418,904 

443,491 

626,867 

667,137 

764,930 

16.189 
16,766 
17,877 
14,479 
17,684 
20,228 
21,722 
28,268 
26,084 
28,774 

8,197 
14,616 
17,343 
16,333 
20,360 
23,203 
21,243 
24,169 
31,422 
38,661 

19.49 
18.90 
18.41 
14.48 
16.93 
16.60 
16.22 
16.43 
16.49 
16.68 

49.98 
69.20 
66.68 
67.76 
67.62 
66.40 
47.90 
46.87 
47.82 
60.40 

These  enormous  differences  in  the  birth-rate  of  the  native  and  the 
foreign  population  must  be  considered  in  connection  with  two  or 
more  limiting  facts.  First,  the  age  constitution  of  the  foreign 
population  is  quite  different  from  that  of  the  native  population,  since, 
as  was  shown  under  the  section  relating  to  marriages  (page  728), 
the  former  contains  a  greater  ratio  of  persons  of  child-bearing  ages. 
Second,  the  race  constitution  of  the  native  and  foreign  populations 
is  quite  different,  the  latter  being  composed  very  largely  of  per- 
sons from  countries  where  the  birth-rate  is  high.  The  continuous 
immigration  of  French  Canadians  of  adult,  child-bearing  ages  has 
had  an  undoubted  effect  upon  the  birth-rate. 
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The  population  enumerated  in  the  different  censuses  as  being 
of  British-American  birth  had  increased  from  21,707  in  1855  to 
147,352  in  1885,  and  of  the  latter,  64,503  were  French  Canadians.* 

Plural  Births.  —  In  1895  the  number  of  cases  of  plural  birth  was 
745,  of  which  736  were  cases  of  twin  births  and  9  were  cases  of 
triplets,  the  whole  number  of  children  born  in  such  plural  births 
being  1,499,  of  which  773  were  males  and  726  were  females. 

This  was  equivalent  to  the  following  ratios:  1.09  per  cent,  for 
cases  of  twins,  or  1  case  to  92  living  births,  and  .013  per  cent,  for 
cases  of  triplets,  or  1  case  to  each  7,505  living  births. 

For  the  two  twenty-year  periods  the  figures  were  as  follows :  — 


Table  25.  — Plural  Births,  1856-95. 


PSRIODS. 

All 
Births. 

Cases 

of 
Twins. 

Coses 

of 
Triplets. 

Percentage 

of 
Twin  Births. 

Percentage 

of* 

Triplet  Births. 

UTing  Births 

to  One 
Case  of  Twins. 

LlvingBirtha 

to  One 
CaseofTrtpleta. 

1856-76,    . 
1876-96,    . 

731,835 
1,040,537 

6,852 
0,450 

76 
109 

0.94 
0.90 

.013 
.018 

106.7 
111.1 

9,623 
9,629 

The  foregoing  figures  are  derived  from  more  than  one  and  three- 
fourths  million  births  which  occurred  in  Massachusetts  in  the  forty 
years  1856-95.  They  may  be  compared  with  the  statistics  of  about 
twenty  million  births  which  occurred  in  the  following  countries, 
mostly  during  the  ten  years  1874-83  :  — 


Table  26.  — Ratio  of  Plural  Births. 


Twins  in  1,000 
Labors. 


TripIeU  In  1,000 
Labors. 


Switzerland,! 

Pniiaia,t 

Bavaria,t 

Anstrla,t 

Italy,!     .       .       .       . 

Fraoce,t. 

Sweden,! 

Ma$sachu8ettet  1856-95, 


0.12 
0.13 
0.15 
0.15 
0.16 
0.11 
0.17 
0.13 


*  See  Report  of  Provlnctal  Board  of  Health  of  Quebec,  1895-96,  page  58,  for  birth-rates  io  countlea 
Inhabited  mostly  by  the  French  population. 

!  Die  Bewegnng  der  Bey'dlkemng.   Bern,  1885. 
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Still-births.  —  The  whole  number  of  still-births  registered  in  the 
two  twenty-year  periods,  together  with  the  number  of  living  births 
whose  sex  was  known ,  is  indicated  in  the  following  table :  — 

ABLE  27,-^  Living  Births  and  Still-births,  1856-95. 


Malbs. 

FXMALBS. 

5  . 

Periods. 

1 

3 

OO 

• 

1 

Per  Cent. 
SUU-born. 

5 

• 

1 

• 

i 

^ 
5 

^ 

Per  Cent. 
SUll-born. 

Mean  PerC« 
both  Sexes. 

1866-76. 
1876-06, 

876,324 
616,186 

11,301 
20.266 

386.716 
636.460 

1 
S.06  ' 

3.78 

364.466 
480.468 

7.680 
13,613 

362.066 
603.081 

2.10 
2.71 

2.64 
3.26 

TotaU,  . 
Mwii.  •       •       • 

800,600 

31.666 

022.166 

3.42 

843.034 

21.202 

866.136 

2.46 

2.06 

The  deaths  of  males  to  those  of  females,  among  the  still-born  in- 
fants whose  sex  was  known,  in  the  first  period,  maintained  the  ratio 
of  1,501  males  to  1,000  females,  and  in  the  second  period  1,489  males 
to  1,000  females. 

The  recorded  fatality  for  each  sex  was  greater  in  the  second  period 
than  it  was  in  the  first,  being  for  males  2.95  per  cent,  of  all  recorded 
births  of  males  living  or  dead,  in  the  first  period,  and  3.78  in  the 
second,  and  for  females  2.10  per  cent,  in  the  first  and  3.26  in  the 
second. 

The  mean  percentage  of  the  whole  period  for  males  was  3.42  and 
for  females  2.45,  and  for  both  sexes  2.96,  the  latter  being  the  ratio 
of  52,858  still-births  to  1,787,301  births  living  and  dead,  of  those 
whose  sex  was  known. 

In  the  first  period  there  were  1,589  still-births  the  sex  of  which 
was  not  registered,  or  7.7  per  cent,  of  the  whole  number  of  still- 
births registered  in  that  period.  In  the  second  period  there  were 
1,558  of  this  class,  or  4.6  of  the  whole  number.  This  reduction, 
not  only  in  the  relative  but  also  in  the  absolute  figures,  may  be 
taken  as  an  indication  of  more  perfect  registration,  and  probably 
furnishes  a  partial  explanation  of  the  increased  percentage  of  the 
still-bom  in  the  second  period  as  compared  with  the  first. 

The  still-births  registered  in  1895  were  2,367,  of  which  number 
1,423  were  males,  892  were  females,  and  the  sex  of  52  was  not 
stated. 
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The  following  figures  comprise  the  statistics  of  over  a  half-million 
still-births  which  were  registered  in  the  countries  named :  — 


Table  28.- 

-  StUl'birihs  in  100  Births* 

Males. 

Females. 

Totals. 

Males. 

Females. 

Totals. 

Oerman  Empire,  . 

Austria, 

Italy, 

4.28 

2.n 

8.88 

8.62 
2.27 
2.69 

8.91 
2.68 
8.02 

Belgium,       •       ■ 

Sweden, 

Switzerland, 

4.28 
8.28 
4.27 

8.84 
2.66 
8.48 

8.82 
2.91 
8.8T 

*  Die  Bewegung  der  Bev'dlkemng  in  der  Schwelz.    Bern. 

The  death-rate  of  the  still-born  among  illegitimates  is  usually 
from  10  to  30  per  cent,  higher  than  that  of  legitimate  infants. 


Ulegitimact/. 

The  record  of  illegitimacy  in  Massachusetts  must  be  more  or  less 
incomplete,  because  under  existing  laws  there  is  no  requirement  that 
the  certificate  shall  contain  the  facts  as  to  legitimacy  or  illegitimacy. 
A  partial  clue  to  the  solution  of  this  question  exists  in  the  names  of 
the  parents,  which  must  be  recorded.  The  tendency  of  legislation  in 
this  direction  does  not  appear  to  improve  the  accuracy  of  the  record. 
Moreover,  a  considerable  number  of  births  occurs  in  each  year  in 
which  the  parentage  is  unknown,  or  not  stated  in  the  record.  The 
presumption  is  that  most  of  these  births  are  illegitimate. 

With  these  facts  in  view  the  following  figures  are  presented,  for 
the  period  1856-91. 

During  the  first  twenty  years  of  the  period,  from  10  to  25  per 
cent,  of  the  recorded  illegitimate  births  occurred  in  the  three  State 
almshouses  at  Tewksbury,  Bridge  water  and  Monson.  To  these 
should  be  added,  in  the  second  period,  a  small  number  at  the  Re- 
formatory Prison  for  Women.  The  relative  number  of  such  births 
at  public  institutions  was  less  in  the  second  period  than  in  the  first. 
The  unusual  ratio  recorded  in  Suffolk  County  is  due  to  a  larger 
number  of  such  births  in  the  public  charitable  and  correctional  in- 
stitutions of  Boston. 
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Table  29.  —  lUegUimaU  Births  in  Massachusetts,  1866^91. 

- 

Tbabs. 

IU«ffitlin«tt 
Births. 

Ratio  to 
1,000  Blrthi. 

YSABS. 

niecitliiuite 
Blrtht. 

Batloto 
1,000  Births. 

1866,      . 

267 

7.6 

1876,    . 

713 

16.9 

1867,      . 

242 

6.9 

1877, 

697 

16.6 

1868, 

293 

8.6 

1878,    . 

640 

16.6 

1869,      , 

237 

6.7 

1879, 

716 

17.8 

1860. 

294 

8.2 

1880,    . 

778 

17.6 

1861.      . 

290 

8.2 

1881, 

801 

17.7 

1862,      . 

247 

7.6 

1882,    . 

866 

18.9 

1863,      . 

277 

9.1 

1883,    . 

899 

19.0 

1864,      . 

286 

9.3 

1884,  .  . 

894 

18.4 

1866,      . 

271 

8.9 

1886,    . 

903 

18.6 

1866,      , 

281 

8.2 

1886, 

1,034 

20.3 

1867,      . 

292 

8.8 

1887,    . 

1,168 

21.8 

1868,      . 

366 

10.1 

1888,    , 

1,068 

19.3 

1869,      . 

286 

7.9 

1889,    . 

1,046 

18.3 

1870, 

286 

7.4 

1890,    . 

1,206 

20.9 

1871,      . 

432 

10.9 

1891,    . 

1,078 

17.1 

1872,      , 

303 

7.0 

1892,    . 

—. 

• 

1873, 

687 

18.2 

1893, 

-. 

•m. 

1874,      . 

648 

14.2 

1894, 

— 

— 

1876, 

632 

14.4 

1896,    . 

- 

— 

6,806 

9.8 

14,486 

18.6 

If  any  reliance  can  be  placed  in  these  figares,  illegitimacy  has 
increased  considerably  in  Massachusetts,  comparing  the  two  periods, 
that  of  the  first  being  as  9.3  per  1,000  births  and  that  of  the  second 
period  as  18.5  per  1,000. 

On  account  of  the  defective  character  of  the  returns  upon  this 
point  for  the  years  1892,  1893,  1894  and  1895,  the  figures  of  these 
years  are  omitted  from  the  foregoing  table,  and  the  total  number  of 
illegitimate  births  at  the  bottom  of  the  column  (14,485)  and  the  ratio 
(18.5)  are  for  the  sixteen  years  ending  with  1891. 

Sex. — In  the  twenty  years  1856-75  there  were  registered  8,294 
births  of  illegitimate  males  and  3,472  of  females,  or  in  the  ratio  of 
1,054  females  to  1,000  males.     The  sex  of  39  was  unknown. 

In  the  twenty  years  1876-95  there  were  registered  8,820  births 
of  illegitimate  males  and  8,302  of  females,  and  the  sex  of  33  was 
unknown,  or  in  the  ratio  of  941  females  to  1,000  males. 
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The  following  table  presents  the  illegitimate  birth-rates  deduced  from 
over  thirty  million  births  in  the  countries  named :  — 


Table  30.  —  Illegitimacy  in  Different  Countries,* 


The  German  Bmpl 

Auatria, 

Italy, 

France, 

Belgium, 

Holland, 


e. 


Illegitimate 

Birth*  per  1,000 

Birthi. 


88 
140 
73 
74 
76 
82 


niegttlmate 

Births  per  1,000 

Births. 


England,        .       .       .       . 

Denmark 

Sweden 

Norway 

Switzerland,  .       •       •       • 
MaaaachuttUs  (1856-01),     • 


48 
102 
101 
85 
50 
13 


•Dl 


e  Bewegong  der  Bev<51kerang  in  der  Sehweiz.    Bern. 


DEATHS. 

The  number  of  deaths  registered  in  1895  was  47,450.  This  was 
greater  than  the  number  registered  in  1894  by  659,  but  was  less 
than  those  of  1892  or  1893.  The  death-rate  per  1,000  of  the  living 
population  was  19.01,  which  was  less  than  that  of  any  previous 
year  since  1879,  except  that  of  1886,  which  was  18.64  per  1,000. 

Comparing  the  death-rates  of  the  two  twenty-year  periods,  1856-75 
and  1876-95,  the  death-rates  were  nearly  identical,  or  19.49  for  the 
former  and  19.51  per  1,000  for  the  latter  period,  the  difference  being 
only  .02. 

The  death-rates  of  the  successive  five-year  periods  were  as  follows : 
17.94,  20.71,  18.19,  20.83,  18.84,  19.82,  19.41  and  19.83. 

The  following  table  presents  the  deaths  and  death-rates  for  each 
year  from  1856  to  1895  inclusive,  together  with  the  death-rates  for 
the  five-year,  ten-year  and  twenty-year  periods.  The  numbers  for 
earlier  years  may  be  found  in  the  table  on  page  721. 
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Table  81.- 

-  Deaths  and  Death-rates,  1856-95,  Massachusetts, 

• 

1 

Dkath-katbs. 

• 
• 

1 

Dkath-katbs. 

Yeaxb, 

§1 

ll 

i 

t 

► 

s 

S 

► 

S 

Q 

u* 

H 

1 

Q 

h 

H 

185«,    . 

20,784 

'    18.00 

1 

1876,         .       . 

38,186 

19.78 

1 

1867,    . 

21,280 

18.17 

1  1877, 

81^42 

18.40 

1 

1868,    . 

20,778 

17.46 

1-17.94 

* 

1878,         .       . 

81,308 

18.10 

yi8.84 

1 

1860,    .       .       . 

20,076 

17.88 

1879, 

31,801 

18.11 

1 

1880,    .        .       . 

28,088 

18.74 

■ 

19.36 

1880,          .        . 

86,292 

19.79 

J 

19.86 

1881,    . 

24,086 

19.46 

1 

1881,          .        . 

86,468 

20.10 

^ 

1862,    . 

22,074 

18.46 

1 

1882,         .        . 

86,786 

19.93 

1888,    . 

57,761 

22.16 

\7Xi,n 

'  1888, 

87,748 

90.11 

1 19.82 

1884.    .        .        . 

28,763 

22.88 

1884, 

86,990 

19.38 

1886,   .       .       . 

26,168 

90.64 

J 

1886,        .      . 

88,094 

19.61 

J 

1888,    . 

28,687 

18.14 

1 

1886,          .        . 

87,244 

18.64 

' 

1887,    .        .       . 

22,772 

17.00 

1887,         .       . 

40,768 

19.86 

1888,    .        .       . 

26,603 

18.68 

H8.19 

* 

1888,         .       . 

42,097 

19.90 

)>  19.41 

1 

1889,    . 

26,064 

18.80 

1889,          .        . 

41.777 

19.20 

1 

1870,    .       .       . 

27,829 

18.76 

y 

I 19. 69 

1890,         .       . 

48,628 

19.44 

J 

19.68 

1871,    . 

27,943 

18.70 

% 

1891,          .        . 

46,186 

19.74 

1 

1872,    .        .       . 

36,019 

22.86 

1892,         .        . 

48,762 

20.84 

1878,    .        .       . 

83,912 

21.68 

V20.88 

4 

1898, 

49,084 

20.62 

ll9.88 

1874,    .       .       . 

81,887 

19.79 

1894, 

46.791 

19.14 

1875,    .       .       . 

84,978 

21.17 

J 

1895,        .       . 
ToUl, . 

47,640 

19.01 

J 

Totel,  . 

626,683 

. 

791,770 

Meui.  .       . 

" 

19.49 

Maui,.       . 

" 

19.61 

Mean  of  40  yean, 


19.60  per  1,000 


The  course  of  the  death-rate  from  year  to  year  is  shown  in  the 
foregoing  table  and  in  the  diagram  on  page  712.  In  the  table  the 
year  1872  is  shown  to  have  had  an  unusually  high  death-rate,  a 
fact  which  appears  upon  inspection  to  have  been  due  to  the  preva- 
lence of  several  infectious  diseases  as  epidemics. 

In  that  year  small-pox  caused  a  death-rate  of  6.7  per  lO^OOO, 
which  was  more  than  four  times  greater  than  the  mean  death-rate 
of  the  twenty-year  period  from  this  cause,  and  was  also  much  the 
highest  of  the  whole  period  of  forty  years.  The  death-rate  from 
measles  was  also  nearly  double  the  mean  of  the  twenty-year  period, 
and  greater  than  that  of  any  year  of  the  forty-year  period  except 
one.  The  death-rate  from  scarlet-fever  was  a  little  greater  than 
the  mean  of  the  twenty  years.  That  of  typhoid  fever  was  greater 
than  that  of  any  year  except  two  in  the  forty  years.  That  of  cholera 
infantum  was  double  the  mean  of  the  twenty-year  period,  and  the 
greatest  of  any  year  in  the  entire  forty  years.  That  of  pneumonia 
was  also  greater  than  the  death-rate  of  any  year  of  the  twenty-year 
period  except  one. 
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Such  a  year  was  also  1849,  in  a  still  earlier  period,  when  the 
death-rate,  even  with  more  imperfect  registration,  amounted  to 
21.16  per  1,000. 

In  that  year  diarrhceal  diseases  (including  1,188  registered  as  from 
Asiatic  cholera)  produced  a  death-rate  of  46.0  per  10,000  living, 
and  amounted  to  21.7  per  cent,  of  the  total  mortality,  as  compared 
with  a  mean  of  less  than  10  per  cent,  in  the  forty  years  1856-95. 
Dysentery  in  that  year  attained  the  enormous  death-rate  of  25.4  per 
10,000  living,  a  mortality  far  beyond  that  of  any  year  in  the  whole 
period  of  registration  from  this  cause.  The  deaths  registered  as 
from  dysentery  in  that  year  were  more  than  the  entire  number 
registered  from  the  same  cause  in  the  previous  seven  years  of 
registration. 

Deaths  hy  Sexes.  — The  number  of  registered  deaths  of  males  in 
1895  was  24,175,  and  that  of  females  was  23,365. 

The  death-rate  of  males  was  19.91  and  that  of  females  was  18.18 
per  1,000  of  the  living  population  of  each  sex. 

The  following  table  presents  the  mortality  of  the  sexes  during  the 
census  years  1860-95  :  — 


Table  82.— 

•  MortcUUy  of  the  Sexes 

in  Census  Years,  1860-95, 

Deaths  of  Males  to 

Deaths 

Deaths 

Death-rate  of 

Death-rate  of 

1,000  Deaths  of 

YXAB8. 

of  Males. 

of  Females. 

Males. 

Females. 

Females  In  Eqoal 
Nnmbers  Uviof . 

1S60, . 

11,444 

11,547 

19.3 

18.4 

1,048 

1865, . 

13,085 

13,024 

21.7 

19.6 

1,107 

1870, . 

13,699 

13,598 

19.5 

18.6 

1,048 

1876, . 

17,329 

17,619 

21.8 

20.5 

1,063 

1880,. 

17,426 

17,852 

20.3 

19.8 

1,052 

1885, . 

18,889 

19,205 

20.2 

19.0 

1,063 

1890, . 

21,767 

21,761 

20.0 

18.9 

1,058 

1895, . 

24,175 

23,365 

19.9 

18.2 

1,095 

The  disparity  between  the  death-rates  of  the  sexes  in  Massachusetts  was 
generally  less  than  that  of  England,  which  was  as  1,121  deaths  of  males  to 
1,000  deaths  of  females  in  equal  numbers  living  for  1894,  and  as  1,103  to 
1,000  for  the  whole  period  of  registration,  1838-94. 


Deaths  by  Seasons.  —  In  the  following  table  are  presented  the 
statistics  of  deaths  by  months  and  by  sexes  in  Massachusetts  for 
the  year  1895  :  — 
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Table  33.  —  Mortality  by  Month*,  MasscK^usetts,  1895. 


MOHTHS. 

1 

Males. 

n 

Females. 

s 

Totals. 

4 

Death-rate 
per  1,000. 

s 

Monthly  Mor- 
tality Reduced 
to  a  Standard 
of  100.» 

• 

Deaths  per 
Day. 

January 
Februar 
March, 
April,    . 
May,     . 
June,    . 
July,     . 
Au»rust, 
Septeml 
October 
Novemt 
Decemb 

)er,  . 

»        " 
>er,   . 

er,    , 

* 

1,926 

2,260 
2,321 
1,969 
1,899 
1,602 
2,066 
2,467 
2,094 
1,931 
1,801 
1,870 

1,904 
2,284 
2,331 
1,949 
1,762 
1,619 
1,862 
2,314 
2,024 
1,«92 
1,691 
1,843 

3,830 

4,644 
4,662 
3,908 
3,661 
3,121 
3,917 
4,771 
4,118 
3,828 
8,492 
3,713 

18.13 

23.82 
22.03 
19.02 
17.20 
16.18 
18.36 
22.36 
19.94 
17.81 
16.82 
17.81 

94.8 

124.6 

116.2 

100.0 

90.4 

79.8 

97.0 

118.2 

106.4 

94.7 

89.4 

92.0 

123.6 

162.8 
160.1 
130.8 
117.8 
104.0 
126.4 
163.9 
137.3 
123..  3 
116.4 
119.8 

24,176 

23,366 

47,640 

19.01 

100.0 

130.26 

*  In  colomn  5  100  is  taken  as  the  annual  mean  for  a  monthly  period  of  uniform  length. 

In  the  foregoing  table ,  in  the  figures  presented  in  columns  5  and  6 
the  inaccuracies  due  to  the  unequal  length  of  the  months  have  been 
eliminated  by  comparing  the  daily  number  of  deaths  in  each  month 
with  the  mean  daily  number  for  the  year.  It  is  also  quite  plain  that 
an  estimate  of  population  which  may  be  applied  in  calculating  the 
death-rate  in  January  and  February  cannot  reasonably  be  applied 
to  the  same  purpose  in  November  and  December,  since  the  annual 
increase  of  the  population,  amounting  in  recent  years  to  about 
60,000  annually,  is  thus  disregarded.  Hence,  in  estimating  the 
death-rates  given  in  column  4,  a  quarterly  estimate  has  been  adopted 
based  upon  the  rate  of  growth  from  1890  to  1895,  after  the  method 
adopted  by  the  Registrar  General  of  England  in  his  weekly  reports. 
By  this  table  it  appears  that  the  highest  daily  number  of  deaths 
occurred  in  February,  and  the  next  highest  in  August  and  in  March, 
and  the  least  daily  number  occurred  in  June,  November  and  May. 

The  percentages  of  deaths  in  each  quarter  of  the  year  were  as 
follows :  — 

In  the  first  quarter, 27.40 

In  the  second  quarter, 22.47 

In  the  third  qnaiter, 26.94 

In  the  fourth  quarter, 23.19 

100.00 
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Deaths  by  Months  for  Two  Twenty-year  Periods.  —  In  the  follow- 
ing table  are  presented  the  deaths  by  months  for  the  two  twenty- 
year  periods  1856-75  and  1876-95  :  — 

Table  34.  —  Deaths  by  Months,  1856-95,  with  Relative  Figures  for  Other  Countries. 


Dbaths. 

Dailt  Atbraor  for  Each  Month,  QdartbR' 

AND  Half  Year  compakkd  with  thk 

Dailt  Msam  for  the  Ykar. 

Othkr  Countribb, 
1876-SO.* 

MOSITBfl. 

• 

10 
10 

m 

• 

10 

1 

1S99-70. 

1876-05. 

a 

M 

CO 

German 
Empire. 

• 

< 

• 

>> 

• 

« 
0 
t 

January, 

41,831 

70,589 

92.71 
1 

105.01 

190.0  M02.51 
1 

110.7 

102.1 

111.0 

109.1 107.7 

February, 

38,826 

61,238 

95.6  >  95.31 

j 

110.0 

107.3 

118.1 

106.8 

112.7 

March,   . 
April,     . 

43,557 
41,065 

68,750 
66,355 

97. 7J 
95.21 

1 

>  92.4 

102.8J 

>  97.8 

102.11 
1 

114.6 
113.1 

108.4 
■107.2 

118.0 
114.1 

104.5 
94.1 

107.8 
105.5 

May,       .       . 

40,431 

63,105 

90.1  V  89.4. 

93.9  >  93.2 j 
1 

106.4 

104.4 

103.4 

84.1 

09.1 

June, 

35,580 

54,320 

82.4J 

8d.5J 

96.1 

06.9 

87.6 

85.8 

03.7 

July, 

46,217 

73,476 

103.71 

1 

109.81 
j 

90.8 

04.2 

85.1 

108.0 

02.4 

August,  . 

59,234 

80,666 

132.9  M19.7^ 

120.0M11.4^ 

IO4.5J 

98.11 
1 

93.7 

90.0 

88.2 

111.5 

90.8 

Suptember,    . 
October, 

52,893 
44,508 

67,963 
62,580 

122.6J 
99.91 

107.5 

102.2 

80.5 
82.3 

96.1 
90.9 

85.9 
80.8 

106.1 
97.8 

98.0 
90.7 

November,     . 

89,541 

97,843 

91.7  i  95.8 J 

88.9  >  92.9J 

89.4 

98.6 

96.8 

97.8 

93.9 

December,     . 

41,985 

64,919 

94.2J 

96.6J 

vo»o 

100.6 

104.6 

100.7 

100.8 

ToUl,      . 

525,118 

791,754 

- 

- 

- 

- 

- 

- 

- 

Mean, 

71.9 

108.4 

100.0 

100.0 

100.0 

lOO.O 

100.0 

lOO.O 

100.0 

*  The  figures  for  other  countries  are  the  result  of  observations  upon  over  seventeen  mililon  deaths 
registered  in  the  countries  named. 

By  the  foregoing  table  it  appears  that  in  the  first  twenty-year 
period  the  mean  daily  number  of  deaths  was  71.9  and  in  the  second 
period  108.4.  The  months  in  which  the  deaths  were  above  the 
mean  were  July,  August  and  September  in  the  first  period,  and  Jan- 
uary, February,  March,  April,  July,  August  and  September  in  the 
second  period.  In  the  first  period  the  deaths  in  the  first  half  of  the 
years  compared  with  those  in  the  last  half  were  as  1,000  to  1,163, 
and  in  the  second  period  as  1,000  to  1,045  (in  equal  periods  of  time). 

Nativity.  —  Since  no  statement  of  deaths  by  nativity  appears  in 
the  registration  reports  until  1888,  the  deaths  and  death-rates  of 
the  native  and  foreign  population  are  only  presented  for  the  years 
1888-95. 

The  populations  of  each  group  are  also  given,  with  estimates  for 
the  intercensal  years. 
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Table  35.  —  Population,  Deaths  and  Death-ratet,  Native  and  Foreign,  for  the  Tears 

1888-95. 


POPULATIOX. 

Dbaths. 

Dkath- 

• 
■BATBt. 

Tbaks. 

Natlre. 

Foreign. 

TotaL 

NatlTe. 

Foreign. 

Native. 

Foreign. 

1888,      . 

1,613,273 

601,863 

2,115,136 

31,124 

10,574 

20.6 

17.6 

1889,       . 

1,547,214 

628,945 

2,176,159 

30,650 

10,687 

19.8 

17.0 

1890,       . 

1,581,806 

657,137 

2,238,943 

31,605 

11,508 

20.0 

17.5 

1891,      . 

1,611,437 

677,474 

2,288,911 

32,733 

11,907 

20.3 

17.6 

1892,      . 

1,641,590 

698,403 

2,389,993 

35,097 

13,044 

21.4 

18.7 

1893,      . 

1,672.271 

719,945 

2,392,216 

35,285 

13,136 

21.1 

18.3 

1894,      . 

1,703,490 

742,114 

2,445,604 

34,301 

11,895 

20.1 

16.0 

1895,      . 

1,735,253 

764,930 

2,500,183 

34,472 

12,515 

19.9 

16.4 

265,267 

95,266 

20.4 

17.4 

The  foregoing  table  shows  that  the  death-rate  of  the  foreign  popu- 
lation for  the  eight  years  was  less  in  each  year  than  that  of  the  na- 
tive population,  the  mean  difference  for  the  whole  period  1888-95 
being  3  in  each  1,000  living. 

This  difference  may  be  partly  accounted  for  by  the  difference  in 
the  age  constitution  of  these  two  groups  of  the  population,  as  was 
stated  under  the  section  relating  to  marriages.  The  same  difference 
which  would  produce  an  increased  marriage  and  birth  rate  would 
also  produce  a  diminished  death-rate,  other  things  being  equal. 

Density  of  Population. 

It  was  shown  in  the  early  reports  of  the  Registrar-General  of 
England  that  the  death-rate  of  communities  bears  a  definite  relation 
to  the  density  of  population.  The  area  of  a  state  or  county  re- 
maining constant,  as  the  population  increases  the  density  increases. 
The  proximity  of  persons  to  each  other  and  their  consequent  liabil- 
ity to  communicate  infectious  diseases  increase  with  the  density. 

In  the  following  table  the  population  of  the  State  is  divided  into 
two  groups  of  counties,  which  may  be  properly  called  urban  and 
rural  groups.  The  former  contains  56  cities  and  towns,  each  having 
a  population  of  more  than  5,000  (census  of  1895)  ;  the  latter  has  29 
such  places. 

Nearly  nine-tenths  of  the  inhabitants  of  the  former  group  live  in 
these  populous  cities  and  towns,  while  the  population  of  the  latter 
group  living  in  such  places  is  less  than  half  of  the  population  of  the 
group. 
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Tablv  36.  —  Relation  of  the  Death-rale  to  Density  of  Population^  by  Groups  of 

Counties,  1895. 


Ck>I7]fTIIC«. 


Area  In 
6q.  MUea. 


Penons  to 
8q.  Mil0. 


Popnlatlon. 
ISOO. 


Deaths. 
ISOO. 


Death-ratea 
per  1,000. 

1800. 


rSaffoIk,, 


I 


Bsaex, 


^  I  Middlesex, 
Biiatol,  . 


< 


M 


Norfolk, 
Hampden, 

'Worceater, 
Ply  month, 
Hampahire, 
Berkahlre, 
Bamatable, 
Nanmcket, 
Franklin, 

.Dnkea,  . 


The  Btatb, 


48 
626 
868 
687 
686 
636 


8,188 

1,696 
698 
697 
958 
417 
68 
608 
110 


6,127 
8,316 


11,246 
629 
681 
873 
262 
240 


688 

192 
146 
91 
90 
66 
67 
67 
39 


122 
801 


639,799 
830,898 
499,217 
219,019 
184,819 
152,938 


1,876,186 

806,446 

101,498 

64,710 

86,292 

27,664 

8,016 

40,146 

4.238 


623,998 
2,600,188 


12,114 
6,213 
8,982 
4,266 
2,166 
2,941 


86,681 

6,491 

1,696 

918 

1,886 

692 

76 

606 

97 


10,859 
47,640 


22.4 
18.9 
18.0 
19.6 
16.1 
19.2 


19.6 

17.9 
16.7 
16.7 
16.1 
21.4 
26.2 
16.2 
22.9 


17.4 
19.0 


In  the  accompanying  table  the  density  is  expressed  by  the  average 
number  of  persons  living  upon  each  square  mile  of  area.  The  same 
might  also  be  expressed  in  terms  of  acres  to  each  person,  as  in  the 
twenty-third  annual  report  (paper  on  **  Geographical  Distribution 
of  Disease"). 

The  density  has  increased  as  follows :  — 

Table  ^7.  — Density  of  Population,  1860-95. 


Tkabs. 


Urban  DiaTBiora. 


Persona  to 
8q.  Mile. 


Death-rate. 


1860, 
1870, 
1880, 
1890, 
1806, 


262 
819 
406 
620 
688 


19.6 
19.6 
20.6 
20.0 
19.6 


Rural  Di8trict8. 


Peraona  to 
8q.  MUe. 


Death-rate. 


77 
86 
96 

lis 

122 


16.8 
17.0 
18.0 
17.8 
17.4 


Dlffirenee. 


2.8 
S.6 
2.6 
2.S 
2.S 
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Note.  —  In  the  supplement  to  the  twenty-fifth  annual  report  of  the 
Registrar-General  of  England,  Dr.  Farr  gives  a  definite  statement  of  the 
relation  which  subsists  between  the  density  of  population  and  the  death- 
rate,  which  is  briefly  as  follows,  as  determined  by  observation,  dividing 
the  population  into  five  groups  :  — 

"1.  Where  the  death-rate  was  14,  15  or  16  per  1,000  the  density  of 
the  population  averaged  86  persons  per  square  mile. 

"  2.  Where  the  death-rate  was  17,  18  or  19  per  1,000  the  population 
was  172  per  square  mile. 

"  3.  Where  the  death-rate  was  20,  21  or  22  per  1,000  the  population 
was  255  per  square  mile. 

^'  4.  Where  the  death-rate  was  23,  24  or  25  per  1,000  the  population 
was  1,128  per  square  mile. 

*'  5.  Where  the  death-rate  was  26  and  upwards  the  density  of  the  pop- 
ulation averaged  3,399  persons  per  square  mile." 

In  1855  Massachusetts  held  a  position  as  regards  density  about 
midway  between  the  first  and  second  of  the  foregoing  groups  (the 
density  then  being  136  per  square  mile),  while  in  1895  it  bad  ad- 
vanced to  a  position  between  the  third  and  fourth  groups  (with  a 
density  of  300  per  square  mile).  Yet  during  these  four  decades 
the  death-rate  remained  practically  the  same,  — 19.4,  19.6,  19.4, 
19.6,  —  a  fact  that  may  be  taken  to  show  that  improved  sanitary 
conditions  have  very  nearly  counterbalanced  the  unfavorable  influ- 
ence of  increasing  density. 

Deaths  by  Ages. 

The  mortality  at  diflferent  ages  constitutes  an  important  index  of 
the  sanitary  condition  of  a  community  and  hence  requires  careful 
consideration. 

^^  As  tests  of  the  sanitary,  condition,  the  death-rates  of  infants  under  one 
year  and  of  children  under  five  years  of  age  are  more  important  than  the 
rates  at  any  other  groups  of*  ages.  Investigation  has  shown  beyond  doubt 
that  the  ages  of  young  children  are  very  incorrectly  returned  at  the  census 
enumeration,  owing  to  the  general  and  indiscriminate  use  of  two  methods 
for  describing  age.  At  the  census  enumerations  the  numbers  of  infants 
under  one  year  of  age  are  understated."  (Memorial  volume  on  ^^  Vital 
Statistics,"  London,  1885,  page  114.) 

The  foregoing  comment  by  Dr.  Farr  applies  with  equal  justice  to 
each  of  the  enumerations  of  the  United  States  census  and  to  those 
of  Massachusetts.     (See  report  of  the  Board  for  1894,  page  liv.) 
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Hence,  in  the  following  table  the  infantile  death-rate  is  not  cal- 
culated upon  the  census  figures  for  living  children  under  one  year 
but  upon  the  registered  births,  in  accordance  with  the  method  ad- 
vised by  Dr.  Chalmers  in  his  **New  Life-table  of  Glasgow,"  page 
14. 

No  attempt  has  been  made  to  carry  this  estimate  beyond  the  fifth 
year  of  life,  since  the  disturbing  efiect  of  migration  seriously  afiects 
the  accuracy  of  any  calculation  upon  this  basis  when  applied  to  a 
rapidly  increasing  New  England  community.  The  newly  arrived 
foreign-born  infants  in  the  first  year  of  life  constitute  less  than  1 
per  cent,  of  the  children  of  that  age,  and  the  foreign-born  children 
among  those  under  five  years  of  age  constitute  less  than  4  per  cent, 
of  all  children  of  that  age ;  but  the  foreign  born  among  the  popula- 
tion from  thirty  to  fifty  years  of  age  constitute  fully  40  per  cent,  of 
the  population  of  those  ages.  It  is  chiefly  for  this  reason  that  the 
construction  of  an  accurate  life-table  from  the  population  and  mor- 
tality tables  of  an  American  State  is  rendered  practically  impossible. 

Table  88. — Infant  Mortality^  Massachtisetts,  1856-95,  Forty  Years, 


TSAM. 


3856, 
1857, 
185H, 
1859, 
1860, 
1861, 
1862, 
1863, 
1864, 
1865, 
1866, 
1867, 
1868, 
1869, 
1870, 
1871, 
1872, 
1873, 
1874, 
1875, 


Total, 
Mean, 


Blrthi  In 

Tear  ending 

Jane  80. 


Death! 
ander  One. 


Death-rate 

nnder  One 

per  1,000 

Births. 


83.593 
84,919 
85,210 
34,425 
86,180 
85,570 
31,064 
81,276 
80,004 
80,481 
31,295 
84,792 
35,775 
85,684 
87,758 
38,770 
41,393 
43.563 
45,570 
44,828 


725,145 


4,226 
4,160 
4,197 
4,175 
4,821 
5,167 
4,216 
4,545 
4,693 
4.869 
4,699 
4,768 
5,421 
5,368 
6,206 
5,996 
8,390 
7,911 
7.489 
7,712 


109,024 


125.8 
119.2 
119.2 
121.3 
133.2 
145.2 
124.0 
145.2 
156.4 
159.6 
150.1 
136.9 
151.5 
150.5 
164.4 
154.7 
202.7 
181.6 
164.3 
172.0 


150.8 


Team. 


1876, 
1877, 
1878, 
1879, 
1880, 
1881, 
1882, 
1883, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 
1895, 

Total, 

Mean, 


Births  In 

Tear  ending 

June  80. 


Deaths 
nnder  One. 


Death-rate 

under  One 

per  1.000 

Births. 


43,340 

6,700 

41,685 

6,343 

41,622 

6,189 

41,010 

5.855 

42,420 

7,190 

44,715 

7,389 

45,280 

7,445 

45,993 

7,515 

48,666 

7,735 

48,710 

7,625 

49.214 

7,848 

52,364 

8,514 

53,770 

8,870 

56,140 

9,105 

57,823 

9,625 

60,246 

10,186 

63.969 

10,649 

66,492 

10,990 

67,574 

10,899 

66,746 

10,564 

1,037,729 

167,236 

- 

- 

154.6 
152.4 
148.7 
142.8 
169.5 
165.2 
164.4 
163.8 
158.9 
156.5 
159.5 
162.6 
164.9 
162.2 
166.5 
169.0 
166.5 
165.8 
161.8 
158.2 


161.2 


Mean  of  whole  period,  156.7. 
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Strictly  speaking,  the  death-rate  of  infanta  under  one  year  is  ob- 
tained by  comparing  the  deaths  of  such  infants  occurring  in  a  year 
with  the  mean  number  of  infants  under  one  living  throughout  a  year, 
and  this  number  must  ^^  lie  between  the  annual  number  of  births 
and  that  number  diminished  by  the  deaths  under  one.  It  would  be 
nearer  the  latter  than  the  former  number  on  account  of  the  excess 
of  deaths  in  the  first  months  of  life."     (Dr.  Farr.) 

For  the  sake  of  uniformity  in  comparison  with  the  statistics  of 
other  states  and  countries,  the  deaths  under  one  are  here  compared 
with  the  births.  In  the  foregoing  table  the  births  in  the  first  line 
(1856)  are  those  which  occurred  between  July  1,  1855,  and  June 
30,  1856,  inclusive,  and  so  on  through  the  table,  the  births  in  the 
last  line  being  for  the  year  ending  June  30,  1895. 

The  deaths  under  one  in  the  same  table  are  those  of  the  calendar 
years  ending  Dec.  31,  1856,  1857,  etc.  The  births  in  this  whole 
period  were  1,762,874,  and  the  deaths  under  one  year  were  276,260, 
which  is  equivalent  to  a  death-rate  of  156.7  per  1,000  living  births, 
as  a  mean  of  the  whole  period. 

Dividing  the  whole  time  into  ten  and  twenty  year  periods,  the 
infantile  death-rate  of  the  first  twenty  years  was  150.3  and  that  of 
the  second  twenty  years  was  161.2  per  1,000  births.  The  difference 
in  the  rates  of  the  ten-year  periods  is  much  greater,  chiefly  on  account 
of  the  disturbing  effect  of  the  epidemic  years  1872  and  1873,  when 
cholera  infantum  prevailed  to  an  unusual  degree.  The  infantile  death- 
rates  of  the  four  ten-year  periods  were,  respectively,  134.2,  164.2, 
157.8,  163.6.  By  this  it  appears  that  the  infantile  death-rate  has 
increased  considerably  when  we  compare  the  first  twenty  years  with 
the  last  twenty,  and  especially  when  the  first  and  last  ten  years  are 
compared.  If  the  figures  for  the  two  years  1872  and  1873  were  to 
be  omitted  from  the  table,  the  infantile  death-rate  of  the  remaining 
eight  years  in  the  ten-year  period  1866-75  would  be  reduced  to 
156.5. 

The  death-rate  of  infants  under  one  has  diminished  with  consider- 
able uniformity  during  the  last  five  years  (1891-95)  from  169.0  per 
1,000  births  in  1891  to  158.2  in  1895. 
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Hence,  in  the  following  table  the  infantile  death-rate  is  not  cal- 
culated upon  the  census  figures  for  living  children  under  one  year 
but  upon  the  registered  births,  in  accordance  with  the  method  ad- 
vised by  Dr.  Chalmers  in  his  **New  Life-table  of  Glasgow,"  page 
14. 

No  attempt  has  been  made  to  carry  this  estimate  beyond  the  fifth 
year  of  life,  since  the  disturbing  effect  of  migration  seriously  afiects 
the  accuracy  of  any  calculation  upon  this  basis  when  applied  to  a 
rapidly  increasing  New  England  community.  The  newly  arrived 
foreign-born  infants  in  the  first  year  of  life  constitute  less  than  1 
per  cent,  of  the  children  of  that  age,  and  the  foreign-born  children 
among  those  under  five  years  of  age  constitute  less  than  4  per  cent, 
of  all  children  of  that  age ;  but  the  foreign  born  among  the  popula- 
tion from  thirty  to  fifty  years  of  age  constitute  fully  40  per  cent,  of 
the  population  of  those  ages.  It  is  chiefly  for  this  reason  that  the 
construction  of  an  accurate  life-table  from  the  population  and  mor- 
tality tables  of  an  American  State  is  rendered  practically  impossible. 

Table  88. — Infant  Mortality^  Massachtcsetls^  1850-95^  Forty  Tears. 


TSAM. 


3856, 
1857, 
185H, 
1859, 
1860, 
1861, 
1862, 
1863, 
1864, 
1865, 
1866, 
1867, 
1868, 
1869, 
1870, 
1871, 
1872, 
1873, 
1874, 
1875, 


Total, 
Mean, 


Blrthi  In 

Tear  ending 

Jane  80. 


Death! 
ander  One. 


Death-rate 

nnder  One 

per  1,000 

Births. 


83.593 
84,919 
85,210 
84,425 
86,180 
85,570 
31,064 
81,276 
80,004 
80,481 
81,295 
34,792 
85,775 
85,684 
87,753 
88,770 
41,893 
43,563 
45,570 
44,828 


725,145 


4,226 
4,160 
4,197 
4,175 
4,821 
5,167 
4,216 
4,545 
4,693 
4,869 
4,699 
4,768 
5,421 
5,368 
6,206 
5,996 
8,390 
7,911 
7,489 
7,712 


109,024 


125.8 
119.2 
119.2 
121.8 
133.2 
145.2 
124.0 
145.2 
156.4 
159.6 
150.1 
136.9 
151.5 
150.5 
164.4 
154.7 
202.7 
181.6 
164.3 
172.0 


150.8 


Team. 


1876, 
1877, 
1878, 
1879, 
1880, 
1881, 
1882, 
1883, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 
1895, 

Total, 

Mean, 


Births  In 

Tear  ending 

June  80. 


Deaths 
nnder  One. 


Death-rate 

under  One 

per  1.000 

Blrtha. 


48,340 

6,700 

41,635 

6,343 

41,622 

6,189 

41,010 

5,855 

42,420 

7,190 

44,715 

7,389 

45,280 

7,445 

45,993 

7,515 

48,666 

7,735 

48,710 

7,625 

49,214 

7,848 

52,364 

8,514 

53,770 

8,870 

56,140 

9,105 

57,823 

9,625 

60,246 

10,186 

63,969 

10,649 

66,492 

10,990 

67,574 

10,899 

66,746 

10,564 

1,037,729 

167,236 

- 

- 

154.6 
152.4 
148.7 
142.8 
169.5 
165.2 
164.4 
163.8 
158.9 
156.5 
159.5 
162.6 
164.9 
162.2 
166.5 
169.0 
166.5 
165.3 
161.8 
158.2 


161.2 


Mean  of  whole  period,  156.7. 
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Strictly  speaking,  the  death-rate  of  infants  under  one  year  is  ob- 
tained by  comparing  the  deaths  of  such  infants  occurring  in  a  year 
with  the  mean  number  of  infants  under  one  living  throughout  a  year, 
and  this  number  must  **  lie  between  the  annual  number  of  births 
and  that  number  diminished  by  the  deaths  under  one.  It  would  be 
nearer  the  latter  than  the  former  number  on  account  of  the  excess 
of  deaths  in  the  first  months  of  life."     (Dr.  Farr.) 

For  the  sake  of  uniformity  in  comparison  with  the  statistics  of 
other  states  and  countries,  the  deaths  under  one  are  here  compared 
with  the  births.  In  the  foregoing  table  the  births  in  the  first  line 
(1856)  are  those  which  occurred  between  July  1,  1855,  and  June 
30,  1856,  inclusive,  and  so  on  through  the  table,  the  births  in  the 
last  line  being  for  the  year  ending  June  30,  1895. 

The  deaths  under  one  in  the  same  table  are  those  of  the  calendar 
years  ending  Dec.  31,  1856,  1857,  etc.  The  births  in  this  whole 
period  were  1,762,874,  and  the  deaths  under  one  year  were  276,260, 
which  is  equivalent  to  a  death-rate  of  156.7  per  1,000  living  births, 
as  a  mean  of  the  whole  period. 

Dividing  the  whole  time  into  ten  and  twenty  year  periods,  the 
infantile  death-rate  of  the  first  twenty  years  was  150.3  and  that  of 
the  second  twenty  years  was  161.2  per  1,000  births.  The  difference 
in  the  rates  of  the  ten-year  periods  is  much  greater,  chiefly  on  account 
of  the  disturbing  effect  of  the  epidemic  years  1872  and  1873,  when 
cholera  infantum  prevailed  to  an  unusual  degree.  The  infantile  death- 
rates  of  the  four  ten-year  periods  were,  respectively,  134.2,  164.2, 
157.8,  163.6.  By  this  it  appears  that  the  infantile  death-rate  has 
increased  considerably  when  we  compare  the  first  twenty  years  with 
the  last  twenty,  and  especially  when  the  first  and  last  ten  years  are 
compared.  If  the  figures  for  the  two  years  1872  and  1873  were  to 
be  omitted  from  the  table,  the  infantile  death-rate  of  the  remaining 
eight  years  in  the  ten-year  period  1866-75  would  be  reduced  to 
156.5. 

The  death-rate  of  infants  under  one  has  diminished  with  consider- 
able uniformity  during  the  last  five  years  (1891-95)  from  169.0  per 
1,000  births  in  1891  to  158.2  in  1895. 
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Infant  Mortality  of  Cities. 

For  the  purpose  of  presenting  the  infant  mortality  of  the  cities  of 
Massachusetts,  a  ten-year  period  has  been  selected,  and  since  only 
eleven  out  of  the  thirty-two  cities  embraced  in  this  summary  existed 
as  incorporated  cities  at  the  beginning  of  the  period  under  con- 
sideration, the  ten  years  1881-90  are  selected  for  examination.  The 
later  ten-year  period  1886-95  would  have  been  selected,  but  unfort- 
unately the  presentation  of  the  deaths  by  ages  in  the  different  cities 
in  the  State  appears  to  have  been  abandoned  in  the .  registration 
reports  since  1890. 

In  the  following  table  the  cities  are  arranged  with  reference  to 
their  comparative  rank  so  far  as  infant  mortality  is  concerned. 

Of  the  first  seven  cities  in  this  table  all  except  Boston  are  cities  in 
which  the  cotton  and  woollen  industries  largely  predominate.  In 
the  first  three  the  tenement-house  population  is  also  unusually  large. 

In  the  twenty-third  report  of  the  Board,  page  836,  attention  was 
also  called  to  the  fact  that  the  mortality  from  cholera  infantum, 
which  is  one  of  the  chief  factors  of  the  death-rate  under  one  year, 
bears  a  direct  relation  to  the  ratio  of  married"  women  employed  away 
from  their  homes,  and  this  ratio  reaches  its  maximum  in  Fall  River, 
where  this  class  constitutes  3.1  per  cent,  of  the  total  population. 

There  are  also  several  smaller  towns,  not  included  in  this  list 
(Webster,  Ware,  Adams  and  Millbury),  in  which  the  same  class  of 
manufactures  is  conducted,  and  which  have  a  considerable  tenement- 
house  population,  with  a  high  rate  of  infant  mortality. 

The  cities  of  Haverhill,  Marlborough,  Brockton  and  Lynn,  each 
having  an  infantile  death-rate  below  that  of  the  State  at  large,  are 
all  shoe  manufacturing  towns,  in  which  the  tenement-house  popula- 
tion is  comparatively  small. 

Near  the  bottom  of  the  list  are  the  cities  of  Maiden,  Everett,  Med- 
ford  and  Newton,  in  which  the  residential  population  largely  pre- 
dominates. The  manufacturing  population  C(»nstitutes  but  a  small 
fraction,  and  the  infantile  death-rate  is  much  less  than  that  of  the 
State. 

The  death-rate  of  infants  for  the  State  at  large  was  160  per  1,000 
births,  while  that  of  the  combined  urban  population  was  175  per 
1,000  and  that  of  the  rural  population  was  129. 
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Table  S9.— Infant  Mortality  of  Cities,  Ten  Tears,  1S81-90. 


Birtht. 

Deaths,  0-1. 

Infantile 
MortaUty* 

Kank.  the  SUte 
=  100. 

Fall  River 

18,557 

4,449 

239.7 

149 

Lowell, 

18,684 

4.158 

222.5 

139 

Lawrence, 

11,724 

2,508 

213.9 

133 

Boston, 

117,674 

22,134 

188.2 

117 

Salem, 

6,998 

1,264 

180.6 

112 

New  Bedford,        .... 

9,642 

1,713 

177.7 

111 

Chicopee,        .        .        .        . 

8,683 

681 

176.1 

110 

Cambridge, 

17,262 

2,974 

172.3 

107 

Holyoke, 

Chelsea, 

11,730 

1,972 

168.1 

105 

6,446 

1,076 

166.9 

104 

Springfield, 

10,276 

1,616 

157.8 

98 

Haverhill, 

5,748 

903 

157.1 

98 

Worcester, 

21,211 

8,300 

155.6 

97 

Marlborough,         .... 

8,368 

620 

154.6 

96 

Somerville, 

7,894 

1,211 

154.3 

96 

Newburjport,         .... 

3,137 

479 

152.7 

95 

Brockton, 

4,902 

720 

146.9 

91 

Pittsfield,        ..... 

3,563 

616 

144.8 

90 

Lynn 

11,856 

1,668 

140.7 

88 

Taunton, 

6,571 

923 

140.5 

87 

Gloucester, 

5,726 

795 

138.8 

86 

Northampton,         .... 

•     8,021 

410 

135.7 

84 

Fitchburg, 

4,804 

645 

134.3 

84 

Maiden, 

4,745 

633 

133.4 

83 

Everett, 

1,966 

268 

131.9 

82 

Wall  ham, 

8,660 

482 

131.7 

82 

Medford, 

2,025 

265 

130.9 

81 

Woburn, 

8,771 

479 

127.0 

79 

Quincy, 

4,242 

626 

124.0 

77 

Beverly, 

1,817 

216 

118.9 

74 

North  Adams,         .... 

6,310 

611 

115.1 

72 

Newton, 

4,370 

489 

111.9 

70 

Urban, 

346,168 

60,644 

174.9 

109 

Rural, 

163,119 

21,127 

129.6 

80 

The  State,    .... 

609,287 

81,671 

160.4 

100 

*  Deaths  of  infants  under  one  year  per  1,000  births. 


Passing  on  to  the  next  years  of  childhood,  and  employing  the 
method  advised  by  Dr.  Chalmers  for  the  whole  period  of  forty  years, 
the  death-rates  are  as  follow :  — 
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Table  40.  —  Death-rate  per  IfiOO  Living  at  Same  Ages, 


Aois. 


Pkhiods. 


185«-75. 


187«-05. 


1-2  years, 
2-8  years, 
8-4  years, 
4-6  years, 


54.3 
28.4 
20.6 
16.6 


From  these  figures  it  appears  that  certain  interesting  changes  have 
taken  place  in  the  mortality  of  children  in  Massachusetts  during  the 
forty  years  under  consideration.  The  death-rate  of  infants  under 
one  year  is  greater  now  than  it  was  in  the  first  half  of  the  period, 
but  the  doath-rate  of  children  from  one  to  five  years  is  less  than  it 
was  then. 

The  probability  that  an  infant  under  one  year  old  will  complete  its 
first  year  of  life  is  less  at  the  present  day  than  it  was  in  the  first 
half  of  the  period,  but,  having  survived  his  first  year  of  life,  his 
chance  of  completing  the  next  four  years  is  considerably  greater 
than  it  then  was.  A  discussion  of  some  of  the  conditions  contribut- 
ing to  these  changes  will  be  found  on  a  later  page,  under  the  title 
«*  The  Balance  of  Mortality." 

The  infantile  death-rate  differs  much  in  different  countries,  since  in  some 
communities  it  amounts  to  as  much  as  one-third  of  the  births  and  in  others 
it  is  not  more  than  one- tenth. 

The  following  table  presents  the  infantile  death-rate,  as  stated  by  Dr. 
Eross  in  a  recent  paper  in  Koch's  "Zeitschrift  f.  Hygiene"  (Vol.  19, 
1896,  page  371)  :  — 

Table  41.  —  Infant  Mortality,  Deaths  under  One  per  1,000  Births. 


CODMTKIBS. 

Tears. 

Infant 
Mortaltty  per 
1,000  Births. 

COUHTBnS. 

Years. 

Infiint 

Mort«lity  per 

1,000  Births. 

Ireland, 
Sweden,     . 
Scotland,    . 
England,    . 
Belgtum,    • 
France, 
Holland,     . 

1884-88 
1881-90 
1885-90 
1885-91 
1881-91 
1886-90 
1885-90 

94 
97 
120 
144 
169 
106 
179 

Italy,. 
Praeala,     . 
Hangary,  . 
Aastrla,    • 
Saxony,     . 
Bavaria,    . 
Maiiachu9eU9t  • 

1884-91 
1886  92 
1884-87 
1888-87 
1888-92 
1879-88 
1876-95 

192 
207 
212 
246 
281 
287 
161 
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Dr.  Schlossmann  states  the  importance  of  this  portion  of  the  sub- 
ject very  tersely  as  follows  :  **  The  death  of  every  child  constitutes 
a  definite  loss  of  national  i^ealth"  (»*  Zeitschrift  f.  Hygiene,"  Vol. 
24,  page  19). 

For  the  remaining  age  periods  (five  to  ten  years  and  upward)  the 
following  table  may  be  consulted  (page  756).  In  this  table  the 
column  published  in  the  registration  report  of  1890,  page  294, 
*'  under  one,"  is  omitted  in  consequence  of  the  serious  defects  in 
the  census  for  children  of  that  age.  (See  report  of  State  Board 
of  Health  of  1894,  page  liv.)  For  the  succeeding  years  up  to  age 
forty  there  has  been  a  decrease  in  the  death-rate  at  each  period 
of  life,  as  follows,  comparing  the  figures  of  1865  with  those  of 
1895 :  — 


Table  i2.^  Death-rales  per  1,000  Living  at  Certain  Age  Periods,  1865  and  1895. 


Team. 

5-9. 

1#-14. 

19-19. 

»0-»9. 

80-89. 

1865 

1895,        

9.63 
6.23 

5.14 
3.18 

9.63 
5.34 

12.58 
7.08 

11.68 
9.67 

On  the  other  hand,  the  later  ages  of  life  present  in  each  instance 
an  increase  in  the  death-rate,  as  follows :  — 


Table  43.  —  Death-rates  per  1,000  Living  at  Certain  Age  Periods,  1865  and  1895. 


Ybakb. 

40-49. 

50-50. 

60-09. 

70-79. 

80  and  Over. 

JooO,    •          .          •          t           .          . 

1895 

11.86 
12.65 

17.49 
20.45 

32.90 
39.37 

70.48 
82.41 

168.23 

184.65 

These  figures  show  that  while  no  very  decided  changes  have  taken 
place  in  the  general  death-rate  during  forty  years  (that  of  the  first 
twenty  years  being  19.49  and  that  of  the  last  twenty  19.51)  very 
marked  changes  have  taken  place  in  the  death-rates  at  different  ages. 

The  causes  and  conditions  under  which  these  changes  have  taken 
place  will  be  more  fully  considered  under  the  head  of  **The  Balance 
of  Mortality,"  following  the  discussion  of  the  *'  Causes  of  Death." 
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Note.  — The  table  on  page  756  cannot  be  considered  as  an  accurate  table, 
from  which  precise  conclusions  can  be  drawn.  Its  chief  merit  lies  in  the 
fact  that  the  figures  selected  for  presentation  are  those  of  census  years  and 
hence  more  accurate  than  those  which  are  estimated  in  the  inter\'ening 
years.  The  serious  defect  of  the  table  consists  in  the  fact  that  single  years 
may  at  any  time  present  unusual  departures  from  the  mean  of  a  series. 
Thus  in  this  table,  1865  was  a  year  of  unusually  high  death-rate,  being 
much  above  the  mean  of  the  forty  years  1856-95,  and  the  death-rate  of 
1895  was  also  considerably  below  the  mean.  A  much  better  method  is 
that  of  comparing  continuous  series  of  years,  as  in  tables  8,  19  and  31. 


Causes  of  Death. 

It  has  been  the  custom  in  earlier  summaries  of  the  mortality  of 
different  countries  to  attach  considerable  importance  to  the  broad 
and  general  groupings  or  classes  of  disease  and  causes  of  death ;  hut 
in  later  years,  and  especially  in  many  of  the  best  foreign  reports 
upon  vital  statistics,  greater  stress  has  been  laid  upon  the  presenta- 
tion of  diseases  separately,  without  regard  to  their  relation  to  each 
other.  In  the  recent  reports  of  the  registration  officer  of  Michigan 
a  provisional  classification  has  been  adopted  for  temporary  use,  sub- 
ject to  such  modification  as  medical  progress  may  demand. 

These  changes  have  become  necessary  in  consequence  of  the  rapid 
advances  in  medicine,  and  in  the  knowledge  of  the  causes  and  nat- 
ural history  of  disease.  As  evidence  of  this  may  be  cited  the  intro- 
duction of  the  term  <^  diphtheria"  in  1858  (a  disease  well  known 
and  observed  before  under  other  complex  names),  the  separation  of 
typhus  from  typhoid  fever,  the  disuse  of  such  meaningless  names  as 
nephria,  metria,  noma,  etc.,  the  gradual  disuse  of  the  term  '^zy- 
motic," and  the  transfer  of  tuberculosis  to  a  place  among  infectious 
diseases. 

These  considerations  have  more  weight  in  the  present  summary 
(which  embraces  the  statistics  of  forty  years)  than  in  the  ordinary 
digest  of  the  statistics  of  a  single  year. 

In  proof  of  the  decided  changes  which  have  taken  place  in  the 
mortality  from  different  causes  during  the  forty  years  under  con- 
sideration the  following  table  is  presented,  in  which  is  shown  the 
comparative  order  of  fatality  of  the  ten  most  destructive  causes  and 
groups  of  causes  of  death  for  the  first  and  last  ten  years  of  the  whole 
period.  These  two  series  of  years  are  selected  for  the  purpose  of 
presenting  the  conditions  prevailing  at  the  beginning  and  close  of 
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the  period.  For  the  gnme  reasons  the  order  of  the  years  in  the 
upper  portion  of  the  table  is  the  reverse  of  that  in  the  lower,  in 
order  that  the  two  extreme  years  of  the  period  (1856  and  1895) 
may  be  shown  in  contrast. 

One  circumstance  which  is  clearly  indicated  by  the  figures  in  this 
table  is  the  decidedly  greater  preralence  of  epidemics  in  the  former 
period  as  compared  with  the  latter.  This  is  indicated  by  the  marked 
irregularity  in  the  order  of  the  figures  in  the  columns  representing 
the  first  ten  years. 


Table  ^b.  — Mortality  from  Ten  Prominent  Causes,  1856-65  and  1886-95. 

1850-65, 


Deaths. 
1S0«. 

R^K— isstt-es. 

QxnttM  OP  Dbatb. 

s 

• 

3 

• 

»4 

• 

\ 

»4 

• 
• 

8 

« 

s 

»4 

• 

1 

Consumption, 
Scarlet-fever, 

4,701 
1,252 

1 

2 

1 
2 

1 

5 

1 

5 

1 

4 

1 
5 

1 

8 

1 
6 

1 

5 

1 

10 

Brain  diseases, 

1,093 

3 

4 

2 

2 

2 

2 

2 

4 

3 

2 

Old  age, 

978 

4 

3 

4 

8 

5 

6 

6 

7 

6 

6 

Pneumonia,  . 

978 

5 

5 

8 

4 

8 

3 

5 

8 

4 

5 

Typhoid  fever,     . 

960 

6 

6 

6 

6 

7 

8 

7 

5 

7 

8 

Dysentery,    . 
Heart  diseases,     . 

930 
573 

7 
8 

7 
9 

7 
9 

8 
9 

10 
9 

10 
9 

10 
9 

9 
10 

9 
10 

4 
9 

Cholera  infantum. 

555 

9 

8 

8 

7 

6 

4 

8 

8 

8 

8 

Diphtheria  and  croup,  . 

519 

10 

10 

10 

10 

8 

7 

4 

2 

2 

7 

12,539 

- 

1886-95, 


Deaths. 

Raiik>1S8«-95. 

Causks  op  Dbath. 

. 

. 

. 

• 

• 

• 

. 

. 

• 

. 

1805. 

s 

« 

8 

« 

8 

1 

a 
« 

1 

I 

\ 

M 

M 

M 

»4 

^ 

M 

■• 

mt 

Consumption, 

5,486 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Brain  diseases, 

5,193 

2 

2 

8 

2 

2 

2 

2 

2 

2 

2 

Pneumonia,  . 

4,652 

3 

8 

2 

3 

8 

3 

3 

3 

3 

3 

Heart  diseases,     . 

3,769 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Cholera  infantum, 

2,377 

5 

5 

5 

5 

5 

6 

5 

5 

5 

5 

Kidney  diseases,  . 

1,926 

6 

7 

8 

8 

8 

9 

9 

9 

10 

8 

Diphtheria  and  croup,  . 

1,784 

7 

6 

10 

9 

10 

5 

6 

7 

7 

7 

Cancer, 

1,749 

8 

10 

9 

10 

9 

8 

8 

10 

9 

9 

Old  ape, 

1,715 

9 

8 

6 

6 

6 

7 

7 

6 

6 

6 

Bronchitis,    . 

1,558 
30,209 

10 

9 

7 

7 

7 

10 

10 

8 

8 

10 
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An  examination  of  Table  45  and  of  those  on  pages  762  and  764 
shows  that  consumption  has  from  the  outset  maintained  the  first 
place  as  the  most  destructive  cause  of  death.  The  uniform  dimi- 
nution, however,  in  the  mortality  from  this  cause  gives  good  reason 
for  believing  that  in  a  very  few  years  it  will  have  disappeared  from 
the  head  of  the  column.  In  1856  the  deaths  from  consumption  were 
nearly  four  times  as  many  as  those  of  the  next  cause  upon  the  list, 
while  in  1895  the  deaths  from  consumption  exceeded  those  of  the 
next  destructive  group  of  causes  by  a  little  more  than  5  per  cent, 
only. 

A  glance  at  the  order  of  the  figures  in  the  two  columns  headed 
1856  and  1865  shows  that  much  more  decided  changes  in  the  order 
of  fatality  had  taken  place  in  the  early  period  than  had  occurred  in 
the  later  period,  comparing  the  columns  for  1886  and  1895. 

During  the  intervening  period  (1866-85)  changes  were  still  in 
progress,  consumption  maintaining  the  first  place,  and  in  one  year 
( 1872)  only  did  small-pox  attain  sufficient  importance  to  find  a  place 
in  the  table  as  the  ninth  cause  in  the  order  of  destructiveness. 

Croup  was,  during  the  first  two  years,  the  tenth  cause,  and 
diphtheria  appears  for  the  first  time  in  1858,  and  from  that  date 
croup  and  diphtheria  are  considered  together.  This  group  rapidly 
rose  in  its  order  of  destructiveness  from  the  tenth  in  1856  to  the 
second  place  in  1863  and  1864.  A  similar  sudden  accession  of 
virulence  occurred  between  1872  and  1876,  when  diphtheria  alone 
appears  to  have  risen  from  the  nineteenth  place  to  the  second  in  the 
course  of  five  years.     (See  registration  report  of  1876,  page  54.) 

Another  important  change  is  that  in  the  mortality  from  pneumonia, 
which  has  risen  during  the  whole  period  from  the  fifth  place  in  1856 
and  1857  to  the  third  place  in  each  year  of  the  entire  period  1886- 
95,  except  1893,  when  it  was  second  in  rank.  This  change,  too,  has 
been  comparatively  uniform,  though  not  so  steadily  maintained  as 
the  downward  tendency  in  consumption. 

Scarlet-fever,  dysentery  and  typhoid  fever  have  disappeared  from 
the  list,  and  their  places  are  supplied  by  cancer,  kidney  diseases  and 
bronchitis. 

Further  information  in  regard  to  these  changes  may  be  found 
under  the  title  "  The  Balance  of  Mortality." 
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Deaths  from  Unknown  or  Unspecified  Causes. 

Under  the  term  **  causes  not  specified"  it  has  been  the  custom  to 
include  all  deaths  certified  as  from  hemorrhage^  tumor^  inflammation 
and  cause  unknown.  Owing  to  changes  in  the  methods  of  tabula- 
tion the  number  of  deaths  referred  to  this  title,  "  causes  not  speci- 
fied," was  increased  from  478  and  a  percentage  of  2.1  of  the  total 
mortality  in  1867,  to  1,464  and  a  percentage  of  5.7  in  1868.  From 
the  latter  date  down  to  1895  there  has  been  a  comparatively  uniform 
improvement,  the  percentages  of  this  class  being  as  follows  for  the 
successive  years  1891-95  :  .90,  .96,  1.1,  1.0  and  .94. 

While  these  figures  represent  an  improvement,  they  do  not  show 
the  serious  defects  which  exist  in  the  certification  and  tabulation  of 
other  deaths.  These  questions  have  been  discussed  by  the  Massa- 
chusetts Association  of  Boards  of  Health,  and  a  partial  method  of 
relief  was  suggested,  consisting  in  the  modification  of  the  present 
form  of  death  certificate  in  such  a  manner  as  to  convey  to  the 
certifying  physician  such  information  as  would  lead  him  to  take 
greater  pains  in  registering  the  cause  of  death  with  accuracy  and 
sufficient  fulness  of  detail. 

As  an  example,  the  following  terms  convey  but  little  accurate  in- 
formation, and  in  many  cases  wrong  conclusions  must  be  drawn  from 
the  mass  of  recorded  facts.  In  1895  there  were  163  deaths  recorded 
as  from  septicemia  (no  clue  to  its  character  being  given),  88  from 
dropsy,  153  from  mortification,  1,451  from  cephalitis,  903  from  can- 
cer (the  location  being  omitted),  703  from  peritonitis,  1,163  infan- 
tile and  premature,  and  1,199  from  atrophy  and  debility.  These 
deaths,  together  with  the  445  classed  as  from  cause  not  specified^ 
constitute  more  than  13  per  cent,  of  all  the  deaths  of  that  year,  and 
while  it  is  undoubtedly  true  that  the  causes  of  many  deaths  must 
necessarily  be  recorded  in  an  indefinite  manner,  it  is  plain  that  great 
improvement  is  possible  by  more  accurate  certification,  as  well  as  by 
the  system  pursued  by  the  British  Registrar-General,  and  by  the 
registration  authorities  of  many  states,  of  subjecting  all  doubtful  re- 
turns to  careful  revision. 

In  the  table  on  page  767  the  deaths  and  death-rates  presented 
in  Table  46  are  given  in  five-year  periods,  the  percentages  of  total 
mortality  being  omitted. 
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Summary  of  Certain  Special  Causes  op  Death  presented  in 

THE  Foregoing  Tables. 

For  the  sake  of  uniformity  the  same  order  will  be  observed  in  this  dis- 
cussion as  that  which  was  adopted  in  the  reports  of  the  Board  for  the  last 
two  years,  with  the  addition  of  dysentery  and  child-birth.  The  terms  "  first 
and  second  period"  or  *'  first  and  last  period"  refer  in  each  instance  to  the 
two  twenty- year  periods  1856-75  and  1876-95,  unless  otherwise  specified. 
The  term  '^  death-rate "  in  this  discussion  of  causes  of  death  means  the 
ratio  of  deaths  per  10,000  of  the  living  population,  unless  otherwise  speci* 
fled.  When  the  term  **  general  death-rate  *'  is  employed  it  means  the  death- 
rate  from  all  causes,  and  is  reckoned  as  a  ratio  per  1,000  of  the  living 
population.  (For  a  full  discussion  of  the  mortality  from  measles,  scarlet- 
fever,  diphtheria  and  croup,  small-pox,  typhoid  fever,  cholera  infantum, 
phthisis  and  pneumonia,  with  reference  to  their  geographical  distribution, 
with  maps,  see  twenty-third  annual  report  of  the  Board,  1891,  pages  759- 
874.) 

SnialUpox. 

Total  deaths,  1856-95, 4.225. 

During  the  seventeenth  and  eighteenth  centuries  epidemics  of 
small-pox  were  of  very  frequent  occurrence  in  Massachusetts,  as 
historical  records  present  abundant  proof.  Some  of  the  most  noted 
of  these  were  those  of  1631,  1633,  1639,  1677,  1678,  1702,  1721 
(in  this  year  nearly  8  per  cent,  of  the  whole  population  of  Boston 
died  of  small-pox),  1730,  1752,  1764,  1776,  1778  and  1792. 

From  the  date  of  the  introduction  of  vaccination  down  to  1840 
the  molality  from  small-pox  was  extremely  small.  Records  are  in- 
complete^  for.  these  years,  but  from  all  that  can  be  learned  it  is 
probable  that  the  total  mortality  from  this  cause  did  not  exceed  200 
deaths  in  the  State  during  these  forty  years.  Unfortunately,  the 
vaccination  law  was  modified  in  1836  and  made  less  stringent,  and 
the  deaths  from  small-pox  soon  increased,  the  number  in  Boston  alone 
in  the  three  years  1839-41  amounting  to  232.  After  that  date  the 
enactment  of  the  registration  laws  furnished  accurate  returns  for  the 
whole  State,  and  from  these  it  appears  that  the  deaths  from  this  cause 
from  1842  to  1855  inclusive  were  1,304. 

No  deaths  were  registered  from  this  cause  in  1895  and  there  were 
none  in  1886. 

Of  all  the  causes  of  death  mentioned  in  the  foregoing  tables  small- 
pox was  the  most  irregular  in  its  influence  on  the  death-rate,  the 
figures  varying  from  0  in  1886  and  1895  to  6.7  per  10,000  of  the 
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population  in  1872.  The  mean  annual  small-pox  death-rate  of  the 
first  twenty  years  was  1.5  per  10,000  living,  and  that  of  the  last 
twenty  years  was  only  .07  per  10,000. 

The  slight  discrepancy  between  the  total  numbers  of  deaths  from 
small-pox  in  tables  46,  48  and  50  is  due  to  the  inclusion,  in  the  former 
table,  of  15  deaths  registered  as  due  to  chicken-pox  which  are  not 
included  in  the  latter  table.  It  is  quite  probable  that  deaths  regis- 
tered as  from  chicken-pox  are  those  of  persons  who  have  died  of 
small-pox,  especially  when  occurring  in  years  of  small-pox  epidemics. 

More  than  40  per  cent,  of  the  deaths  from  small-pox  which  oc- 
cun'ed  in  the  forty  years  1856-95  were  those  of  the  epidemic  of 
1872  and  1873. 

Sex.  —  The  death-rate  of  males  was  considerably  greater  than  that 
of  females,  being  in  the  ratio  of  164  males  to  100  females  in  equal 
numbers  living  in  the  first  period,  and  as  133  males  to  100  females 
in  the  second  period. 

Seasonal  MortalUy. — The  deaths  from  small-pox  in  the  first 
period  of  twenty  years  were  most  numerous  in  January  and  Decem- 
ber, and  least  numerous  in  August  and  September.  In  the  second 
period  they  were  the  greatest  in  number  in  April  and  May,  and 
least  in  July  and  August. 

Ages.  —  In  Table  49  it  appears  that  the  greatest  small-pox  death- 
rate  occurs  at  the  age  period  0  to  5  years  and  the  least  at  the  period 
10  to  15.  A  considerable  increase  occurs  at  the  ages  15  to  40,  un- 
doubtedly due  to  the  neglect  of  revaccination  at  an  age  when  the 
protective  power  of  primary  vaccination  has  considerably  diminished. 
(A  further  discussion  upon  the  mortality  from  small-pox  in  Massa- 
chusetts, with  special  reference  to  the  influence  of  vaccination,  may 
be  found  in  the  twenty-sixth  annual  report  of  the  Board,  1894,  pages 

Vlll-XXlll.) 

Measles^ 

Deaths,  1896>95, 7,952. 

The  deaths  from  pieasles  in  1895  were  117,  and  the  death-rate 
was  .5  per  10,000  of  the  living  population,  which  was  less  than  the 
mean  of  the  twenty-year  period  1876-95.  Comparing  the  two 
twenty-year  periods,  1856-75  and  1876-95,  a  decided  lessening  in 
the  mortality  from  this  cause  is  evident,  that  of  the  former  period 
being  1.6  per  10,000  living  and  that  of  the  latter  .9,  or  but  little 
more  than  one-half  as  great.  The  total  number  of  deaths  from  this 
cause  in  the  former  period  was  4,299  and  in  the  latter  3,653. 
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At  no  time  in  the  first  twenty  years  did  the  deaths  from  this  cause 
fall  below  100  in  a  single  year,  while  in  the  latter  period  there  were 
six  years  in  which  the  deaths  from  measles  were  as  follows :  47,  19, 
68,  75,  88  and  98. 

The  deaths  of  females  were  as  100  to  116  males  in  equal  numbers 
living  in  the  first  twenty-year  period,  and  as  100  females  to  102 
males  in  the  second  period. 

Seasonal  Prevalence.  —  It  appears  that  in  the  first  period  the 
greatest  mortality  from  this  cause  occurred  in  June,  and  in  the 
second  period  in  May,  and  the  least  in  October  in  each  period. 
The  second  period  showed  greater  departures  from  the  mean  than 
the  first  period. 

Age. — The  death-rates  from  measles  at  different  ages  of  life  are 
presented  in  tables  49  and  51.  They  show  marked  improvements  at 
all  ages  of  life.  The  death-rate  of  children  under  five  was  11.7  per 
10,000  in  the  first  period  and  8.08  in  the  second. 

A  statement  of  the  death-rate*  of  children  at  each  of  the  first  five 
years  may  be  found  in  the  report  of  1894,  page  xc,  wherein  it  ap- 
pears that  the  greatest  death-rate  from  this  cause  occurs  at  age  one  to 
two  years.  A  statement  of  the  geographical  distribution  of  measles, 
with  the  mortality  of  each  city  and  town  from  this  cause,  may  be 
found  in  the  twenty-third  report  of  the  Board  (1891),  page  780. 
The  highest  mortality  from  this  cause  was  shown  to  exist  in  Suffolk 
County  and  the  lowest  in  Nantucket. 

Scarlet-fever. 

Total  deaths,  1866-95,  84,486. 

The  deaths  from  scarlet-fever  in  1895  were  483.  This  number  was 
less  than  that  of  either  of  the  three  preceding  years,  but  greater  than 
that  of  1889,  1890  or  1891.  The  deaths  from  this  cause  in  the  first 
period  were  23,797  and  those  of  the  second  period  were  10,688. 
The  mean  annual  death-rates  were,  respectively,  8.8  and  2.6  per 
10,000  living.  In  only  three  years  of  the  first  period  did  the  death- 
rate  per  10,000  from  this  cause  fall  below  6,  while  in  the  second 
period  it  exceeded  that  rate  in  only  one  year,  and  that  was  1876, 
the  first  year  of  the  period. 

Had  the  same  death-rate  from  scarlet-fever  prevailed  in  the  seo* 
ond  period,  1876-95,  as  prevailed  in  the  first  period  the  mortality 
from  scarlet-fever  would  have  amounted  to  25,000  more  than  act* 

•  The  term  **  death-rate"  as  here  ased  should  not  be  oonfbanded  with  **  fatality/'  t. «.,  th« 
ratio  of  deaths  to  cases. 
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ually  occurred  in  those  years,  and  this  number  may  be  taken  as  the 
actual  saving  of  life  from  this  cause. 

8ex.  —  The  deaths  of  males  to  females  were  as  108  to  100  in 
equal  numbers  living  in  the  first  period,  and  as  103  to  100  in  the 
second  period. 

Seasonal  Mortality. — The  greatest  mortality  from  scarlet- fever 
in  each  period  was  in  January  and  the  least  in  September. 

Age. — The  death-rate  at  different  ages  shows  a  rapid  decrease 
from  the  infantile  period  (0-5)  to  the  age  of  60  years ;  the  highest 
death-rate  at  age  0-5  was  54.9  per  10,000  living  of  those  ages  in  the 
first  period,  that  of  the  same  age  in  the  second  period  being  18.41, 
or  about  one-third  as  great. 

The  death-rate*  of  children  at  each  of  the  first  years  of  life  from 
this  cause  (corrected)  may  be  found  in  the  report  of  1894,  page  xc, 
wherein  it  appears  that  the  greatest  death-rate  from  scarlet-fever 
occurs  in  the  third  and  fourth  years  of  life. 

The  marked  improvement  in  the  death-rate  from  this  disease  since 
1856  is  shown  by  the  following  death-rates  of  five-year  periods :  — 

Table  52.  —  Death-rates  from  Scarlet-fever^  1856-95, 


Pmiioo. 

Death-rate. 

Pbiioo. 

Death-rate. 

1856-60 

1861-65 

1866-70,       .... 
1871-75,       .... 

10.5 
9.7 
6.8 
8.6 

1876-80,      .... 
1881-85,      .... 
1886-90,      .... 

I09I— «70,            .... 

4.1 
2.7 
1.7 

2.4 

186!-66 eerTO 


1S9fr9S 


DkATHBATE  PSB  10,000  VBOM  SOABLST-FSTSB.     DBCLINB  IN  DlPPBRBNT  POPtTLATIOKS. 


*  See  Doto  on  page  774. 
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That  the  diminution  in  the  death-rate  of  scarlet-fever  indicated  by  the 
foregoing  figures  is  not  peculiar  to  Massachusetts  may  be  shown  by  an  ex- 
amination of  the  vital  statistics  of  other  countries.  The  following  table 
presents  the  same  data  for  certain  European  countries,  together  with  those 
of  Massachusetts  for  similar  periods :  — 


Tablb  53.  —  Decrease  in  Scarlet-fever  in  Different  Countries. 
Death-rates  per  10,000  Living  at  Certain  Periods, 


1866-70. 

1871-75. 

1876-86. 

1881-85. 

1886-66. 

1861-64. 

• 

England, 

Ireland, 

Scotland, 

Ma99achtt8ett9,       .... 

0.6 

6.6 

10.9 

6.8 

7.6 

6.6 

10.6 

8.6 

6.8 
8.2 
6.8 
4.1 

4.4 
2.7 
8.6 
2.7 

2.4 
1.4 
2.2 
1.7 

2.0 
1.0 
2.0 
2.6 

CODHTBIBS. 

1861-76. 

1871-86. 

1881-66. 

1861-64. 

Sweden, 

6.09 

7.8 
6.16 

1875-84. 

8.8 

1885-86. 

2.7 

6.04 
8.66 

1885-64. 

1.4 

1866-64. 

1.8 

8.12 

Norway, 

8.06* 

1.18t 

Denmark, 

1865-74. 

6.2 

Germany, 

1877-84. 

4.8 

- 

•  1862-70. 


t  1891-96. 


CUies. 


CiTIBS. 

1876-86. 

1888-64. 

ClTIBS. 

1876-86. 

1888-64. 

Budapest 

46 

88 

Amsterdam,       . 

80 

Vienna,        .... 

26 

18 

Venice,       •       •       .       . 

4 

Prague,        .... 

64 

86 

Turin, 

10 

Trieste,        .... 

22 

24 

Rome, ..... 

14 

Hague, 

16 

10 

Brussels,      .... 

8 

Rotterdam,  .... 

SO 

14 

Paris, 

10 

The  foregoing  data  are  to  be  found  in  a  paper  entitled  '^  A  Contribution 
to  the  Natural  History  of  Scarlet-fever,"  by  John  T.  Wilson,  M.D., 
D.Ph.,  Medical  Officer  of  Health,  Lanarkshire,  Scotland. 


No.  34.]  VITAL  STATISTICS.  777 

An  examination  of  the  reports  of  health  officers  of  the  Australian  colo- 
nies and  New  Zealand  shows  that  similar  changes  in  the  death-rate  from 
scarlet-fever  are  also  taking  place  there. 

Diphtheria  and  Croup. 

Total  deaths,  1866-95,  68,490. 

In  Table  46  the  deaths  registered  under  these  terms  are  considered 
together. 

In  1895  the  deaths  registered  from  these  causes  were  1,784,  of 
which  number  1,432  were  certified  as  deaths  from  diphtheria  and  352 
as  deaths  from  croup.  The  death-rate  per  10,000  from  these  com- 
bined causes  was  7.1,  that  of  1894  having  been  7.4. 

The  total  deaths  recorded  from  these  causes  in  the  first  twenty- 
year  period  were  19,361,  and  the  death-rate  7.2  per  10,000,  and 
those  in  the  last  period  were  39,129,  and  the  death-rate  9.6  per 
10,000. 

Dividing  the  last  period  into  five-year  groups  there  appears  to  have 
been  a  marked  diminution,  as  shown  by  the  following  death-rates  for 
the  respective  periods :  — 

1876-80, 16.8 

1881-86, 9.6 

1886-90, 8.4 

1891-96, 6.4 

The  term  *  *  diphtheria "  does  not  appear  in  the  records  of  deaths 
until  1858,  in  which  year  18  deaths  were  registered  from  this  cause. 
There  were  32  in  1859,  258  in  1860,  increasing  rapidly  to  1,420  in 
1863,  and  then  decreasing  until  there  were  less  than  300  in  each  of 
the  six  years  1867-72.  It  then  increased  rapidly  until  1876  and 
1877,  when  it  became  seriously  epidemic  in  many  parts  of  the  State, 
the  deaths  from  this  cause  in  the  two  years  amounting  to  5,244. 

While  the  disease  did  not  appear  under  the  name  of  diphtheria  in 
the  two  previous  centuries  in  Massachusetts  it  is  believed  that  it 
often  prevailed  to  a  serious  extent,  so  far  as  the  limited  descriptions 
of  early  medical  practitioners  may  be  trusted. 

Sex.  —  The  death-rate  of  males  from  these  combined  causes  was 
7.46  per  10,000  and  that  of  females  6.90  in  the  first  period,  or  in 
the  ratio  of  108  males  to  100  females  in  equal  numbers  living.  In 
the  second  period  the  death-rates  were  9.94  for  males  and  9.36  for 
females,  or  106  males  to  100  females  in  equal  numbers  living. 
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If  the  deaths  from  the  two  causes  are  separated,  it  appears  that 
the  death-rate  of  males  from  diphtheria  in  the  first  period  was 
slightly  less  than  that  of  females,  while  the  death-rate  of  males  from 
croup  considerably  exceeded  that  of  females.  In  the  second  period 
the  death-rate  of  males  was  higher  both  from  diphtheria  and  croup* 

Seasonal  Prevalence. — The  monthly  mortality  from  these  two 
diseases  exhibits  a  striking  similarity,  both  when  the  two  diseases 
are  compared  and  for  the  two  twenty-year  periods.  The  greatest 
prevalence  in  each  period  and  in  each  disease  occurred  in  the  months 
of  November  and  December,  and  the  least  usually  in  July  and 
August,  but  the  table  for  diphtheria  in  the  period  1856-75  shows  a 
slightly  lower  figure  in  May  and  June. 

During  the  last  two  years  the  demands  for  antitoxin  and  for  the 
examination  of  throat  cultures  received  at  the  office  of  the  State 
Board  of  Health  from  local  boards  furnish  quite  a  reliable  index  of  the 
seasonal  prevalence  of  this  disease,  or  group  of  diseases,  as  well  as  the 
returas  furnished  under  the  act  relating  to  the  notification  of  diseases. 

Age.  —  The  death-rate  *  at  the  age  period  0-5  is  much  the  highest^ 
rapidly  diminishing  to  the  later  ages  of  life.  Considering  the  two 
causes  separately  the  difference  in  mortality  between  the  early  ages 
is  much  greater  in  the  case  of  croup  than  it  is  in  diphtheria.  The 
following  figures  from  the  twenty-sixth  annual  report  show  that  the 
highest  death-rate  from  diphtheria  occurred  in  the  third  year  of  life 
and  that  of  croup  occurred  in  the  second  year,  though  the  difference 
in  the  latter  case  between  the  mortality  of  the  second  and  third  years 
was  slight. 

The  figures  for  each  year  were  as  follows :  — 

Table  5^,  — Death-rate  per  10,000  at  Early  Ages  {ISST-OS). 


Diphtheria. 

Cronp. 

Diphtheria. 

Croap. 

0-1  years, . 
1-2  years, . 
2-3  years, . 

12.4 
32.3 
38.7 

13.2 

19.6 
19.2 

3-4  years, 
4-5  years, 

37.8 
32.9 

13.5 
9.2 

For  a  full  discussion  of  the  mortality  from  diphtheria  during  the 
period  1871-80  see  summary  by  Dr.  C.  F.  Folsom  in  thirty-ninth 
Massachusetts  registration  report,  1880,  pages  80-110. 


*  See  note  on  page  774. 
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Typhoid  Fever. 

Total  deaths,  1856-85, 40,029. 

The  deaths  from  typhoid  fever  in  1895  were  680,  and  this  number 
was,  with  the  exception  of  the  deaths  in  1878  and  1879,  the  least 
number  registered  from  this  cause  in  the  forty  years  1856-95.  The 
death-rate  in  1895  from  this  cause  was  2.7  per  10,000,  this  being 
the  lowest  death-rate  on  record  for  the  whole  State  during  the  forty- 
year  period,  the  highest  having  been  13.4  in  1865.  From  1872 
down  to  1895  the  decrease  in  the  death-rate  from  typhoid  fever  has 
been  comparatively  uniform,  the  chief  exceptions  being  the  years 
1880  and  1881,  when  the  death-rate  from  this  cause  rose  from  3.6 
per  10,000  to  4.9  and  5.9. 

The  total  deaths  from  this  cause  in  the  first  twenty-year  period 
were  23,265  and  the  death-rate  was  8.6  per  10,000;  while  those 
of  the  second  twenty  years  were  16,764  and  the  death-rate  was  4.1 
per  10,000. 

It  is  interesting  to  note  the  decline  in  the  typhoid  fever  death-rate 
in  its  general  coincidence  with  the  introduction  of  public  water  sup- 
plies throughout  the  State,  a  fact  which  is  shown  in  the  accompany- 
ing table  and  diagram. 


Table  55. —  Table  showing  the  Proporiion  of  the  Population  of  the  State  of  Massa- 
chusetts living  in  Cities  and  Towns  having  Public  Water  Supplies. 


Ybab. 

Xnmber  of 

Towns 

baring  a 

PnbUc  water 

Supply. 

Population  of 

Towns 

baring  a 

Public  Water 

Supply. 

Number  of 

Towns 

not  baring  a 

Public  Water 

Supplj. 

Population  of 

Towns 
not  baring  a 
PnbUc  Wster 

Supplj. 

Percent 

of  Population 

serred  wltb 

PubUo  Water 

Supplies. 

Per  Cent,  of 
Population 

not 
Supplied. 

1860,     . 

8* 

100,122 

814* 

798,892 

19.78 

80.27 

1861,     . 

8 

206,089 

815 

817,040 

20.08 

79.94 

186S,     . 

8 

218,968 

818 

886,700 

20.88 

79.82 

1868,     .       . 

8 

222,878 

821 

864,864 

20.09 

79.81 

1864,     .       . 

8 

281,790 

821 

878,008 

20.98 

79.02 

1866,     .       . 

10 

240,708 

822 

891,861 

21.26 

78.75 

1866,     .       . 

11 

287,617 

821 

884,591 

28.22 

78.78 

.1867.     .       . 

11 

273,857 

821 

897,990 

28.37 

78.68 

1868,     .       . 

11 

280,200 

821 

911,886 

23.51 

76.40 

1869,     .       . 

12 

280,188 

820 

922,188 

28.87 

76.18 

1880,     . 

12 

296,600 

320 

986,660 

24.00 

76.00 

1881,     .       . 

18 

307,411 

819 

980,848 

24.82 

76.18 

*  The  number  of  manldpalitfes  had  Increased  between  1860  and  1896,  by  sabdlrislon,  from  822  to  853. 
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Table  65 — Concluded. 


TSAB. 

Number  of 

Towns 

having  a 

Public  Water 

Supply. 

Population  of 
Towns 

having  a 
PnbUc  Water 

Supply. 

Number  of 

Towns 

not  having  a 

Public  Water 

Supply. 

Population  of 

Towns 
not  having  a 
Public  Water 

Supply. 

Percent 

of  Population 

served  with 

Public  Water 

Supplies. 

Per  Cent  of 
Population 

not 
Supplied. 

1862,     . 

14 

314,467 

818 

930,085 

26.26 

74.75 

1868, 

14 

819,422 

818 

933,223 

26.50 

74.60 

1864,     . 

14 

324,279 

320 

935,669 

26.74 

74.26 

1865,     . 

14 

829,335 

320 

987.606 

26.09 

74.01 

1866, 

14 

348,442 

321 

956.663 

26.70 

73.80 

1867,     . 

18 

401,014 

317 

942.146 

29.86 

70.14 

1868, 

19 

428,508 

316 

962.715 

31.02 

68.96 

1869,     . 

20 

471.066 

816 

948,222 

33.19 

66.81 

1870,     . 

26 

618,371 

310 

938.980 

35.57 

64.43 

1871. 

28 

686,808 

310 

910.466 

39.16 

60.85 

1672, 

32 

677,628 

306 

867.647 

44.13 

56.87 

1878, 

41 

763,615 

297 

810,672 

48.51 

51.40 

1874, 

46 

884,146 

294 

728,853 

54.82 

46.18 

1876, 

62 

979,679 

288 

672,333 

59.30 

40.70 

1876, 

67 

1,044,984 

284 

688,162 

62.27 

37.78 

1877,     , 

58 

1,067,276 

286 

637,106 

62.62 

37.88 

1878, 

62 

1,094,266 

280 

686,849 

68.24 

86.76 

1879, 

64 

1,123,319 

280 

633,531 

63.94 

36.00 

1880, 

68 

1,172,971 

276 

610,114 

65.79 

84.21 

1881, 

,' 

78 

1,239,651 

272 

676,246 

68.31 

31.09 

1882, 

77 

1,284,071 

269 

662,636 

09.53 

80.47 

1883, 

82 

1,346,860 

264 

632,668 

71.64 

28.36 

1884, 

91 

1,411,352 

256 

498,977 

73.88 

26.12 

1886, 

106 

1,628,459 

240 

413,A82 

78.70 

21.30 

1886, 

114 

1,614,831 

284 

386.670 

80.68 

19.82 

1887, 

121 

1,701,079 

227 

359.782 

82.54 

17.46 

1888, 

127 

1,775,694 

221 

844,627 

83.76 

16.24 

1889, 

182 

1.850,306 

219 

329.277 

84.89     ' 

15.11 

1890, 

187 

1,924.812 

214 

314.181 

85.97 

14.03 

1891, 

142 

1.989,937 

209 

301,254 

86.86 

13.14 

1892, 

143 

2.042.879 

208 

800,560 

87.17 

12.83 

1893, 

146 

2.104.805 

205 

200,882 

87.86 

12.14 

1894,      . 

149 

2.167.914 

203 

280,021 

88.56 

11.44 

1896, 

154 

2,237,017 

198 

268,166 

89.48 

10.52 

1896,      . 

159* 

2,300,925 

194* 

851,506 

90.14 

9.86 

*  The  number  of  muDlolpalitlefl  had  Inoreased  between  1850  and  1896,  by  ■abdivlsion,  from  822  to  S6S. 
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Summary  by  Decades,  1856-95. 


PUUOD. 

Death-rate 

from  Typhoid 

Ferer 

per  100,000. 

Percentage  of 
Population 

not  Supplied 

with  PubUc 

Water. 

Pbuod. 

Death-rate 

from  Typhoid 

Ferer 

per  100,000. 

Percentage  of 

Population 

not  Supplied 

with  PnbUc 

Water. 

1866-65,      . 
1866-75,      .        .       . 

02.0 
80.8 

75.44 
58.04 

1876-86,      .       .       . 
1886-05,      . 

47.4 
86.4 

81.75 
18.03 

1M6-H 


OCATH  HATE  FROM  TYPHOID  FIVW  PER  100,000. 

fCRCCNTACC  or  POPULATION  NOT  SUPPLIED  WITH  PUBLIC  WATER. 

The  death-rate  from  this  cause  has  generally  fallen  as  the  per  cent, 
of  the  population  supplied  with  public  water  has  risen,  for  the  reason 
that  the  majority  of  the  deaths  from  typhoid  fever  have  occurred 
among  communities  and  portions  of  communities  not  supplied  with 
public  water.  Hence,  in  the  foregoing  diagram,  this  percentage  of 
the  population  {not  supplied  with  public  water)  is  compared  with  the 
death-rate  from  typhoid  fever.  The  method  of  representation  (by 
ten-year  periods)  presents  a  much  more  uniform  showing  than  that 
by  single  years. 

In  1856  there  were  only  11  cities  and  towns  supplied  with  public 
water,  and  the  population  thus  supplied  in  that  year  was  only  23.2 
per  cent,  of  the  total  population.  (In  1850  it  was  only  19.7  per 
cent.)  In  1870  this  percentage  had  only  increased  to  35.6,  but 
during  the  succeeding  decade  the  percentage  thus  supplied  had 
nearly  doubled,  being  65.8  in  1880.  From  that  time  onward  the 
increase  has  been  quite  uniform  but  less  rapid,  and  amounted  in 
1896  to  90.1  per  cent,  of  the  total  population. 

It  will  be  seen  by  the  diagram  and  table  that  the  decrease  in  the 
typhoid  death-rate  from  the  mean  of  the  decade  1865-75  to  the 
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mean  of  the  decade  1876-85  was  also  considerably  more  rapid  than 
that  of  either  the  preceding  or  the  succeeding  periods. 

The  death-rates  by  five-year  periods  were  as  follows :  8.0,  10.5, 
8.0,  8.2,  4.5,  5.0,  4.1,  3.2. 

Seasonal  Prevalence.  —  The  two  tables  indicating  seasonal  preva- 
lence (pages  769  and  771)  show  in  each  a  uniform  course  below 
the  yearly  mean  from  January  to  July,  then  increasing  rapidly  to 
October  in  the  first  period  and  to  September  in  the  second,  and 
then  diminishing  with  nearly  the  same  rapidity  to  January. 

Sex.  —  The  death-rate  of  males  was  in  each  period  considerably 
greater  than  that  of  females,  the  rates  in  the  first  period  being  9.4 
for  males  and  7.9  for  females,  or  in  the  ratio  of  119  males  to  each 
100  females  in  equal  numbers  living,  and  in  the  second  period  4.6 
for  males  and  3.7  for  females,  or  as  125  males  to  100  females. 

Ages. — The  highest  death-rate  in  the  first  period  appears  to 
have  occurred  at  ages  from  fifteen  to  thirty  years  and  among  all 
persons  over  sixty,  those  of  ages  above  seventy  considerably  ex- 
ceeding all  others.  In  the  second  period  the  death-rate  at  ages 
fifteen  to  thirty  is  greatest  but  is  nearly  equalled  by  that  of  ages 
over  seventy  years.  The  greatest  improvement,  comparing  the 
same  ages  in  the  two  twenty-year  periods,  appears  to  have  taken 
place  at  all  ages  over  fifty  years.  (Further  information  relative  to 
the  mortality  from  typhoid  fever  in  Massachusetts  may  be  found  in 
the  second  report  of  the  State  Board  of  Health,  1871,  in  a  paper  by 
Dr.  George  Derby.) 

Dysentery. 

Total  deaths,  1866-86, 20,U2. 

In  1895  the  deaths  from  dysentery  numbered  209,  and  with  the 
exception  of  those  in  1892,  which  were  193,  were  the  least  in  num- 
ber during  the  whole  forty-year  period.  The  death-rate  from  this 
cause  was  only  .8  per  10,000  living. 

The  total  number  of  deaths  registered  from  this  cause  in  the  forty 
years  was  20,112,  of  which  13,786  occurred  in  the  first  half  and 
6,326  in  the  last  half  of  the  period,  and  the  death-rates  were  re- 
spectively 5.1  and  1.6. 

The  decline  in  the  death-rate  from  this  disease  is  continuous  and 
well  marked.  The  deaths  from  this  cause  in  the  ten  years  ending 
with  1866  were  8,851,  while  those  in  the  ten  years  ending  with  1895 
were  only  2,359,  the  population,  meanwhile,  having  doubled.     The 
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deaths  from  this  cause  in  the  latter  period  as  compared  with  those  in 
the  former  were  approximately  in  the  ratio  of  100  to  658,  in  equal 
numbers  living.  In  those  early  years  of  the  first  period,  as  many 
practitioners  will  remember,  dysentery  was  an  epidemic  disease  of 
the  summer  months,  prevailing  to  a  greater  or  less  degree  in  almost 
every  city  and  town  in  the  State,  great  and  small,  but  within  the 
past  twenty  years  it  appears  to  have  very  largely  lost  its  epidemic 
character,  its  incidence  upon  the  population  being  comparatively 
small.  Its  continuous  and  comparatively  uniform  decline  points  to 
its  possible  extinction  at  no  distant  period  as  a  factor  in  the  death-rate. 

Seasonal  JPrevalence. — The  monthly  distribution  of  dysentery 
shows  that  its  mortality  by  months  was  nearly  identical  in  the  two 
twenty-year  periods,  remaining  at  a  low  figure  for  the  first  five 
months  and  then  rising  slightly  in  June,  and  then  very  rapidly  to 
a  climax  in  August,  and  descending  in  like  manner  to  November. 
(See  pages  769  and  771.) 

Sex. — The  death-rate  of  males  in  the  first  period  was  5.3  and 
that  of  females  4.9,  or  as  108  deaths  of  males  to  100  deaths  of  fe- 
males in  equal  numbers  living.  In  the  second  period  the  conditions 
were  reversed,  the  deaths  of  males  being  1.49  and  that  of  females 
1.63,  oi;  in  the  ratio  of  100  males  to  109  females  in  equal  numbers 
living.     (See  pages  769  and  771.) 

Ages.  —  The  death-rate  was  in  both  periods  highest  at  the  extreme 
ages  of  life,  that  of  old  age  (80 -f-)  being  the  highest  in  both  pe- 
riods. The  greatest  relative  improvement  appears  to  have  taken 
place  at  the  age  periods  0  to  5  and  5  to  10. 

Cholera  Infantum. 

Total  deaths,  1856-96,  72.191. 

In  the  following  summary  are  included  only  those  deaths  which 
were  registered  as  from  cholera  infantum.  The  addition  of  all  deaths 
from  diarrhoeal  diseases  of  infants  under  one  year,  including  those 
from  enteritis,  would  increase  the  number  by  from  25  to  30  per  cent. 

The  deaths  from  cholera  infantum  in  1895  were  2,377,  and  the 
death-rate  9.5  per  10,000  of  the  living  population. 

The  total  number  of  deaths  from  this  cause  in  the  forty  years 
ending  with  1895  was  72,191,  of  which  28,893  occurred  in  the  first 
period  and  43,278  in  the  second.  The  death-rates  from  this  cause 
in  the  two  periods  were  nearly  equal,  being  in  the  ratio  of  10.71  per 
10,000  in  the  first  period  and  10.66  in  the  second. 
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The  death-rates  of  the  successive  five-year  periods  were  as  fol- 
lows: 6.4,  9.1,  10.1,  15.8,  10.5,  10.5,  10.3,  11.2. 

Seasonal  Prevalence.  —  The  seasonal  mortality  of  this  disease 
follows  very  nearly  in  the  same  track  with  dysentery,  but  with 
greater  departures  from  the  mean  annual  mortality,  the  deaths  dur- 
ing the  eight  months  from  November  to  June  inclusive  amounting 
to  less  than  7  per  cent,  of  the  number  for  the  whole  year. 

Sex.  —  The  death-rates  of  the  sexes  were  as  follows  for  the  two 
periods.  In  the  first  the  death-rate  of  boys  was  11.8  and  that  of 
girls  9.7  per  10,000  living,  and  in  the  second  period  11.8  and  9.6 
respectively,  or  as  100  deaths  of  girls  to  122  of  boys  in  the  first 
and  as  100  deaths  of  girls  to  123  of  boys  in  the  second  period  in 
equal  numbers  living.     (See  pages  769  and  771.) 

Ages.  —  The  deaths  being  almost  entirely  in  the  first  age  period 
of  life  (0-5  years) ,  a  greater  difference  appears  here  than  in  the 
general  death-rate,  since  the  birth-rate,  which  largely  influences  the 
numbers  living  at  the  first  age  (0-5),  was  considerably  greater  in 
the  first  period  than  in  the  second,  the  death-rate  of  children  under 
five  from  cholera  infantum  being  98  per  10,000  in  the  first  and 
115.6  in  the  second  period. 

Diarrhceal  Diseases. 

Total  number  of  deaths  in  this  group,  1856-95, 131,387. 

Under  this  title  are  included  the  deaths  from  cholera  infantum, 
dysentery,  diarrhoea,  cholera  morbus  and  enteritis. 

Two  of  the  principal  factors  in  this  group,  cholera  infantum  and 
dysentery,  have  already  been  considered. 

The  total  number  of  deaths  from  this  group  in  each  twenty-year 
period  with  the  death-rates  were  as  follows :  — 


Table  66. — Deaths  from  DtarrhoscU  Diseases^  1856-95. 
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There  was,  therefore  (comparing  the  two  periods) ,  a  slight  decrease 
in  the  death-rate  from  cholera  infantum ,  a  very  great  decrease 
in  that  of  dysentery  (5.11  to  1.55),  a  slight  decrease  in  that  of 
diarrhoea  (2.57  to  2.46),  a  considerable  decrease  in  that  of  cholera 
morbus  (0.70  to  0.48),  and  a  marked  increase  in  that  of  enteritis 
(2.01  to  3.23).  There  was,  therefore,  a  gain,  comparing  the  two 
twenty-year  periods,  of  2.77  per  10,000  of  the  population  in  the 
total  of  these  diseases. 

Whooping-cough. 

Total  deaths.  1856-96, 11,586. 

The  deaths  from  whooping-cough  in  1895  were  269,  and  the 
death-rate  per  10,000  was  1.1.  During  the  years  1892  and  1893  it 
was  also  1.1,  and  1.8  in  1894. 

The  deaths  from  this  cause  in  the  whole  forty-year  period  were 
11,586,  of  which  6,014  occurred  in  the  first  twenty  years  and  5,572 
in  the  last  twenty  years,  the  death-rates  of  the  two  periods  being 
2.2  for  the  first  and  1.4  for  the  second.  The  maximum  and  mini- 
mum years  of  prevalence  were  1861,  with  a  death-rate  of  3.3  in  the 
first  period,  and  1883,  with  0.7  in  the  second. 

Ages.  —  In  the  twenty-sixth  report,  page  xc,  it  was  shown  that 
while  measles,  scarlet-fever,  diphtheria  and  croup  are  most  de- 
structive to  life  in  the  second  and  third  years,  whooping-cough 
destroys  greater  numbers  in  the  first  year  of  life,  the  death-rate  at 
that  age  being  nearly  three  times  as  great  as  during  the  second  year. 
The  death-rates  for  the  first  ten  years  (corrected)  were  as  follows  : — 


Death-rate 

from 

Whooping-eoufh. 

TSAU. 

Death-rate 

from 

Whoophig-coogh. 

0-1 

1-2 

2-3, 

88.7 

12.7 

6.1 

3-4, 

4-6 

6-10,         .... 

3.0 
1.4 
0.4 

Consumption.* 

Total  deaths,  1856-95,  209,115. 

In  the  report  of  the  Board  for  1894  (page  Ixxv)  consumption  was 
treated  with  greater  fulness  of  detail  than  other  diseases,  in  conse- 

*  In  this  sammary  the  tenn  ''  consumption  "  refers  onlj  to  phthiaia  pulmontdis,  or  con- 
tumption  of  the  Lungs,  except  where  otherwise  stated. 
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quence,  mainly^  of  the  manifest  interest  in  the  subject  everywhere 
prevailing.  The  demand  for  such  information  continues,  and  hence 
a  more  minute  analysis  of  the  statistics  of  the  mortality  from  this 
cause  will  be  presented  in  this  summary.  The  recent  publication 
by  the  Board  of  Dr.  Russell's  pamphlet  on  **  The  Prevention  of 
Tuberculosis  "  has  also  increased  the  public  interest  in  all  that  per- 
tains to  the  question. 

The  number  of  deaths  registered  as  from  consumption  in  1895 
was  5,486,  and  the  death-rate  was  21.9  per  10,000,  being  the  lowest 
death-rate  from  this  cause  yet  recorded  for  the  State. 

The  whole  number  of  deaths  registered  from  consumption  in  the 
forty  years  1856-95  was  209,115,  and  the  mean  death-rate  of  the 
whole  period  from  this  cause  was  30.9  per  10,000  living. 

Of  the  whole  number  of  deaths,  96,278  occurred  in  the  first 
twenty  years  and  112,837  in  the  last  twenty,  the  mean  death-rate 
of  each  period  being,  respectively,  35.7  and  27,8  per  10,000.  The 
maximum  death-rate  in  any  year  from  this  cause  was  that  of  the  first 
year,  1856,  and  was  40.8  per  10,000,  and  the  minimum  (21.9)  was 
that  of  the  last  year,  1895,  so  that  the  death-rate  from  consumption 
had  declined  nearly  one-half  in  the  whole  period  of  forty  years. 

Sex.  — The  deaths  of  males  from  consumption  were  43,314  in  the 
first  period  and  51,819  in  the  second,  and  those  of  females  were  52,- 
941  in  the  first  and  61,016  in  the  second.  The  number  of  persons 
whose  sex  was  not  stated,  in  the  whole  period  of  forty  years,  was 
only  25. 

The  death-rate  of  males  was  33.4  per  10,000  living  in  the  first 
period  and  26,4  in  the  second,  while  that  of  females  was  37.8  in  the 
first  and  29.1  in  the  second,  thus  showing  a  greater  improvement 
among  females  than  among  males. 

In  the  table  on  page  787  are  given  the  death-rates  per  million 
living  of  each  sex  by  single  years  for  a  still  longer  period  (1851-95), 
and  also  a  comparison  of  the  male  and  female  rates,  the  former  being 
taken  as  1,000,  by  which  it  appears  that  for  the  ten-year  period 
1851  to  1860  the  mean  death-rate  of  females  from  consumption  to 
that  of  males  was  as  1,296  to  1,000,  in  the  next  decade  (1861  to 
1870)  as  1,095  to  1,000,  in  the  third  as  1,154  to  1,000,  in  the  fourth 
as  1,094  to  1,000,  and  for  the  single  years  1891,  1892,  1893,  1894 
and  1895,  as  1,074, 1,067, 1,043, 1,020  and  974  females,  respectively, 
to  1,000  males,  the  female  death-rate  from  this  cause  being  less  than 
that  of  males  for  the  first  time  in  1895. 
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Table  bL—IWusia.    Annual  DeaOrraUs  among  Persona,  Males  and  Females, 

in  Each  Million  Living,  Massachusetts,  1851-95. 
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In  the  diagram  on  this  page  the  same  figures  are  illustrated  and 
show  the  wide  divergence  in  the  death-rate  of  the  sexes  in  the  early 
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years  of  the  half-century,  and  their  rapid  approach  up  to  18689  from 
which  date  the  death-rates  continue  nearly  parallel  until  1891,  when 
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they  again  approach  rapidly  and  the  male  death-rate  becomes  the 
greater  in  1895. 

The  diagram  also  illustrates  the  figures  for  England*  in  similar 
manner,  and  shows,  first,  that  in  every  year  the  consumption  death- 
rate  of  England  was  less  than  that  of  Massachusetts,  and  sec- 
ondly, that  the  death-rate  of  females  was  at  first  greater  than  that  of 
males,  but  became  less  in  1866,  a  much  earlier  date  than  that  of  Mas- 
sachusetts for  the  same  occurrence. 

Seasons  of  the  Year.  — In  tables  48-51  it  appears  that  consump- 
tion has  proved  fatal  in  Massachusetts  with  considerable  uniformity 
throughout  the  year,  the  greatest  and  least  mortality  from  this  cause 
(upon  a  daily  standard  of  100)  being  in  March  (106.4)  and  in  June 
(92.2)  in  the  first  period,  and  in  April  (110.4)  and  July  (93.7)  in 
.  the  second  period.  The  uniformity  of  its  seasonal  mortality  is  there- 
fore greater  than  that  of  any  of  the  other  diseases  enumerated. 

Ages.  —  The  highest  death-rate  from  consumption  in  the  first 
period  was  at  the  age  period  70  to  80,  when  it  was  87.6  per  10,000 
living;  that  of  the  age  period  20  to  30  was  51.7,  and  consequently 
the  disease  at  this  age  proved  fatal  to  much  larger  numbers,  since 
the  persons  living  were  much  greater  in  number  at  that  age.  The 
lowest  death-rate  was  at  ages  5  to  10  and  10  to  15  (page  769). 

In  the  second  period  (1876-95)  the  highest  death-rate  was  at  ages 
20  to  30,  and  the  lowest  at  ages  5  to  10  and  10  to  15  (page  771). 

The  greatest  improvement,  comparing  the  two  twenty-year  periods, 
was  at  ages  60  and  over,  the  death-rate  at  these  ages  in  the  second 
period  being  less  than  half  that  of  the  first  period  at  the  same  ages. 
(More  definite  details  relating  to  the  mortality  from  consumption 
by  sexes  and  ages  will  be  given  in  the  section  entitled  <<  Consumption 
in  its  Relation  to  the  Wage-earning  Period  of  Life."  ) 

*  From  Registrar-General's  last  decennial  report. 
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Table  60.  —  Deaths  from  Consumption  and  Other  Tubercular  Causes  among 
Children  under  Fifteen  Years  of  Age^  with  Ratio  to  Total  Mortality  at  Same 
Ages, 

1856-57. 


0-5  Yeabb. 


s. 

-a 


All  tubercular  cause*. 
Pulmonary  phthisis  only, 
All  causes,    . 


• 


«9 
O 


1,024 

809 

d96 

864 

8,881 

7,545 

1,928 

780 

16,420 


5-15  Ybabs. 

^ 

^ 

S 

•3 

1 

a 

% 

• 

& 

147 

90 
1,881 


282 

188 

1,362 


S70 

S78 

2.748 


In  Each  1,000  Deaths  from  All  Causes  at  Same  Ages, 


From  all  tubercular  causes, 
From  pulmonary  phthisis  only. 


115.3 
44.6 

119.2 
48.3 

117.0 
46.3 

106.5 
65.2 

170.8 
188.2 

188.2 
101.3 


1894-95. 


0-1  Tbars. 


0$ 


5 

o 
H 


All  tubercular  causes, 
Pulmonary  phthisis  only,  {. 
All  causes,    .       .       .       . 


1,851 

1,167 

120 

109 

11,918 

9,545 

2,518 

238 

21,463 


1-15  Tbais. 

• 

8 

J 

§ 

649 

692 

210 

299 

6,981 

6,640 

1,341 

509 

18,571 


In  Each  1,000  Deaths  from  All  Causes  at  Same  Ages. 


All  tubercular  causes. 
Pulmonary  phthisis  only, 


113.8 
10.8 

122.3 
11.4 

117.3 
11.1 

!      94.0 
1      30.3 

104.2 
45.0 

98.8 
87.6 


1894-95. 
In  Each  1,000  Deaths  from  All  Causes  at  Ages  0-5  and  5-15. 


0-5  Tbabs. 

0-15  Tbau. 

All  tubercular  causes 

Pulmonary  phthisis  only 

110.1 
15.1 

118.8 
16.2 

111.8 
15.6 

78.4 
41.1 

128.4 

87.8 

96.5 
64.2 
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Table  60.  — i)ea<A»  and  DeatK-ralea  from  Consumption  and  Other  Tubercular 

Diseases  at  Certain  Ages  of  Life. 

1856-57. 


All  DMDBm  19. 

15-6«. 

All  ovss  6«. 

1 

SI 

1 

• 

1 

• 

• 

1 

1 

1 

1 

b 

H 

All  taberouUr  dlMMM,        .       .       .       . 
Pulmonary  phthUU  only 

1,171 
480 

1.181 
662 

2,802 
1,068 

2,870 
2,882 

4,070 
4,016 

0,067 
6,848 

664 

687 

761 
746 

1,426 
1,882 

Deaths  to  Each  10,000  Living  ai  Same  Ages. 


All  tnbereaUr  dlMMM, 
Palmonary  phthUU  only. 


31.6 
18.1 


80.8 
16.0 


81.2 
14.1 


41.8 
41.1 


64.6 
68.8 


48.6 

47.7 


102.7 
98.6 


98.9 
96.7 


100.6 
97.6 


All  tuberenUr  dlMMM, 
Pulmonary  phthisis  onlyt 


1894-96. 


2,000 


1,869 
406 


8,869 

747 


4,627 
4,492 


4,986 
4,788 


9,612 
9,276 


664 
494 


672 
426 


1,186 
920 


Deaths  to  Each  10,000  Living  at  Same  Ages. 


Ail  taberenUr  dltMMs* 
Polmonary  phtbUls  only, 


80.4 
6.2 


28.6 
6.2 


29.4 
6.7 


29.7 
28.8 


29.9 
28.7 


29.8 
28.8 


80.8 
26.7 


26.2 
18.8 


27.6 
22.8 
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The  greater  part  of  the  figures  in  this  table  (Table  61)  are  from  a 
circular  of  the  Imperial  Board  of  Health  of  Germany,  upon  the  estab- 
lishment of  hospitals  for  consumptives,  published  at  Berlin,  1896. 

This  high  death-rate  of  infants  under  one  year  in  Massachusetts 
(see  column  for  infants  under  one  year,  in  foregoing  table)  is  the 
result  of  including  all  deaths  certified  as  deaths  from  tabes  mesen- 
terica,  which  constitutes  over  70  per  cent,  of  the  deaths  embraced  in 
this  group.  The  rejection  of  these  reduces  this  ratio  (117.3)  to  33.6, 
and  makes  it  comparable  with  others  in  the  same  column,  and  espe- 
cially with  those  of  England. 

The  figures  for  older  ages  are  affected  but  little  by  including  tabes 
mesenterica,  since  most  of  the  certified  deaths  from  this  cause  occur 
in  the  first  year  of  life. 

Consumption  in  its  Relation  to  the  Wage- earning  Period  of  Life. 

The  question  of  the  prevention  of  tuberculosis  has  assumed  so 
much  importance  in  recent  years  as  to  make  it  necessary  to  present 
the  vital  statistics  of  this  cause  of  death  in  such  form  as  will  be 
useful  for  consultation  in  the  most  practical  manner  possible.  The 
disease,  unfortunately,  affects  a  very  large  prbportion  of  the  popu- 
lation. It  seriously  impairs  their  usefulness,  and  this,  too,  at  a 
period  of  life  when  the  capacity  to  earn  a  living  is  at  its  maximum. 

The  highest  death-rate  from  consumption  at  any  age  of  life  is  that 
which  prevails  at  the  age  period  twenty  to  thirty,  although  in  the 
earlier  years  of  the  last  half-century  the  death-rate  from  this  disease 
was  slightly  greater  at  the  age  period  seventy  to  eighty.  For  the 
twenty-five  years  1863-87  the  death-rate  from  this  cause  at  the 
age  period  twenty  to  thirty  was  49.4  per  10,000  of  the  living  at 
that  age,  and  62.1  of  the  living  at  ages  seventy  to  eighty.  (See 
forty-sixth  registration  report,  1887,  page  361.)  This  excess  at  ad- 
vanced ages  has  disappeared  in  recent  years. 

For  the  purpose  of  ascertaining  the  changes  which  have  taken 
place  during  the  forty-year  period  1856-95  we  have  here  presented 
the  deaths  from  consumption  during  the  first  two  and  the  last  two  years 
of  the  period  at  certain  specified  ages,  and  also  the  deaths  from  all 
tubercular  diseases,  in  separate  lines.  (See  tables  57-60.)  The 
diseases  embraced  in  this  enumeration  are  phthisis,  or  pulmonary 
tuberculosis,  hydrocephalus,  tabes  mesenterica  and  scrofula.  To 
these  are  added  the  few  deaths  certified  as  due  to  lumbar  abscess, 
cellulitis  and  goitre,  in  all  amounting  to  a  fraction  only  of  1  per 
cent,  of  the  total  of  tubercular  deaths. 
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The  periods  of  life  selected  for  comparison  are  three  in  number, 
namely,  all  under  fifteen  years,  fifteen  to  sixty,  and  all  over  sixty  years, 
and  in  each  case  the  deaths  of  each  sex  are  also  given  separately. 

For  the  two  years  1894-95  the  age  period,  all  under  fifteen,  is  also 
divided  into  two  periods,  all  under  one  year  and  those  from  one  to 
fifteen  years  of  age.  This  was  not  possible  for  the  years  1856-57, 
without  an  undue  amount  of  laborious  research,  since  the  deaths  under 
one  from  different  causes  were  not  separately  published  until  1887, 
when  they  were  introduced  into  the  registration  reports  by  request  of 
the  State  Board  of  Health.  Hence  an  additional  short  table  has  been 
added  at  the  bottom  (1894-95,  0-5, 5-15  years)  in  order  to  make  the 
figures  of  the  latter  period  comparable  with  those  of  the  former. 

The  principal  value  of  these  tables  consists  in  the  presentation 
which  they  set  forth  of  the  relation  of  consumption  to  the  productive 
or  wage-earning  period  of  life.  It  is  at  this  time  of  life  that  consump- 
tion proves  by  far  the  most  destructive,  and  that,  too,  in  the  earlier 
part  of  the  period,  when  the  wage-earning  capacity  is  at  its  maximum. 

The  method  of  presentation,  the  comparison  of  the  number  of 
deaths  from  this  cause  with  the  total  number  of  deaths  from  all 
causes,  is,  we  are  aware,  faulty  and  open  to  certain  objections,  hence 
we  have  also  presented  the  same  deaths  in  comparison  with  the  liv- 
ing population  at  the  same  ages  of  life.     (See  Table  60,  page  793.) 

The  former  method  was  selected  in  this  case  and  given  greater 
prominence  in  order  to  bring  out,  in  the  most  striking  manner,  the 
excessive  destructiveness  of  this  disease  upon  persons  of  certain  ages 
at  the  time  when  their  usefulness  as  wage-earners  is  at  its  maximum, 
and  secondly,  in  order  to  be  enabled  to  compare  the  statistics  of  this 
character  with  those  of  other  countries  recently  published.  These 
figures  are  presented  by  the  Imperial  Board  of  Health  of  Germany 
in  a  recent  circular  upon  the  *  *  Advantages  of  Institutions  for  the 
Treatment  of  Lung  Diseases."* 

GERMANY  ENGLAND  BELGIUM  MASSACHUSEttS 

1892-93  I88S-93  I88S-94  1894 -93 


32.2  22.3  37.1 


Pbboihtaob  or  Dbaths  from  Tubbroulosis  (ih  Obbbral)  to  Dbatbi  fbom  All  OAVtst  nr 
DirrBBBNT  Populations  at  thb  Waob-barnino  Pbbiod  or  Lipb  (lft-60  Tbari). 


*  Bin  Beitrag  sar  Benrtbeliang  det  Natzens  tod  HellfUtten  fbr  Lnngen  Kranke.    Berlin,  1896. 
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By  these  tables  (page  790)  it  appears  that  in  every  1,000  deaths 
from  all  causes  among  persons  from  fifteen  to  sixty  years  of  age,  in 
the  two  years  1856  and  1857, 469  were  from  tuberculosis  in  general ; 
those  of  males  were  416  and  those  of  females  were  516,  —  in  the 
latter  case  constituting  more  than  half  the  deaths  from  all  causes  at 
that  period  of  life.  In  1894  and  1895  these  figures  were  reduced  to 
288  for  both  sexes,  or  to  277  in  males  and  299  in  females.  In  the 
accompanying  diagram  for  different  populations  the  open  squares 
represent  the  deaths  from  all  causes  and  the  shaded  portions  the 
percentage  of  deaths  from  tuberculosis  in  general. 
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Dbaths  at  Baoh  or  Thrbb  Pbriods  of  Life  (undbb  16,  16-60  and  otbr  00),  in  1866-67  and 

1894-96,  MA88ACHUBBTT8. 

It  also  appears  that  in  every  1,000  deaths  from  all  causes  among 
persons  from  fifteen  to  sixty  years  of  age  in  the  two  years  1856 
and  1857,  462  were  from  phthisis  or  consumption  of  the  lungs. 
Those  of  males  were  409  and  those  of  females  609y  in  the  latter 
case  being  more  than  half  the  deaths  from  all  causes.  In  the  two 
years  1894  and  1895  these  figures  were  reduced  to  269  for  males 
and  287  for  females.     (See  Table  57,  page  790.) 

In  the  age  period  of  life  twenty  to  thirty  the  mortality  was  still 
greater,  being,  in  the  two  years  1856  and  1857,  482  for  males  and 
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519^  out  of  each  1,000  deaths  of  females.  The  figures  for  this  age 
period  had  also  falleu  to  398  and  450^  respectiyely,  for  the  two 
years  1894  and  1895.     (See  Table  58,  page  791.) 

These  tables  also  show  that  the  excess  of  female  mortality  from 
consumption  among  persons  over  sixty  years  of  age,  in  the  two 
years  1856  and  1857,  had  disappeared  in  the  two  years  1894  and 
1895,  and  given  place  to  an  excess  of  such  mortality  among  males. 
They  also  show  the  rate  of  mortality  from  other  tuberculous  diseases 
(not  pulmonary  phthisis)  among  children  under  five  years  of  age. 

In  Table  60  the  deaths  and  death-rates  from  consumption  and  from 
all  tubercular  diseases  at  each  of  the  three  periods  of  life,  all  under 
fifteen,  fifteen  to  sixty  and  all  over  sixty,  are  presented  for  the  two 
periods  1856-57  and  1894-95,  and  show  a  marked  improvement  in 
the  death-rate  from  pulmonary  phthisis  at  each  of  these  age  periods, 
especially  in  childhood  and  old  age.  The  same  figures  are  presented 
for  phthisis  in  the  accompanying  diagram. 
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Life  (umdbb  16,  15-00  and  over  60}  in  18M-57  and  1804-96,  Massaohusbtts  . 


Pneumonia. 

Toua  deaths,  1866-86, 101,226. 

The  deaths  registered  from  pneumonia  in  1895  were  4,652,  and 
the  death-rate  18.6.  This  was  higher  than  that  of  1894,  but  con- 
siderably less  than  those  of  1892  and  1893.  The  death-rates  of 
these  three  years,  1892,  1893  and  1894,  were,  respectively,  21.5, 
23.0  and  16.8. 

The  course  of  pneumonia  shows  a  marked  contrast  to  that  of  the 
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majority  of  infectious  diseases,  in  that  it  has  risen  from  a  death-rate 
of  8.5  in  1856  to  one  of  23.0  in  1893.  The  increase  of  pneumonia, 
however,  has  been  marked  by  greater  irregularities  than  are  pre- 
sented by  the  decline  of  consumption. 

The  total  deaths  from  this  cause  in  the  first  period  were  32,868, 
and  those  of  the  last  period  were  68,358,  making  an  aggregate  of 
101,226  in  the  forty  years  ending  with  1895.  The  death-rate  of  the 
first  period  was  12.2  per  10,000  and  that  of  the  latter  was  16.8. 
The  death-rates  of  the  five-year  periods  were  respectively  as  follows, 
from  1856  to  1895:  9.6,  11.9,  11.8,  U.7,  U.2,  16.0,  16.4,  19.7. 

In  a  paper  read  by  Dr.  C.  F.  Folsom  at  the  meeting  of  the  Amer- 
ican Association  of  Physicians  in  Washington,  May  1,  1896,  the 
author  presents  a  diagram  showing  the  death-rate  from  pneumonia 
in  England  and  in  Glasgow  from  1852  to  1894.  It  is  therein  shown 
that  pneumonia  in  Glasgow  has  followed  a  course  in  its  death-rate 
very  similar  to  that  of  Massachusetts,  especially  since  1858,  while 
in  England  the  death-rate  from  this  cause  has  diminished  down  to 
1890,  when  it  again  increased. 

Seasonal  Prevalence.  —  The  seasonal  mortality  of  pneumonia  in- 
dicates a  comparatively  uniform  course  throughout  the  forty  years 
and  for  the  eleven  months  from  February  to  December  inclusive ; 
but  the  relative  death-rate  of  January  appears  to  be  considerably 
greater  in  the  second  period  than  in  the  first,  probably  in  consequence 
of  the  unusual  prevalence  of  epidemic  influenza  in  the  winter  of 
1889-90  and  the  three  following  years.  (See  forty-ninth  registra- 
tion report,  1890,  page  347,  and  twenty-first  annual  report  of  State 
Board  of  Health,  page  307.) 

The  greatest  maximum  departure  from  the  mean  annual  death-rate 
from  this  cause  was  in  March  in  the  first  period  and  in  January  in 
the  second,  and  the  greatest  minimum  departure  was  in  August  in 
each  period. 

Sex.  —  There  was  in  each  period  a  greater  death-rate  of  males 
than  of  females,  but  the  difference  was  greater  in  the  first  period 
than  in  the  second,  the  ratio  being  as  117  males  to  each  100  females 
in  equal  numbers  living  in  the  first  period,  and  as  110  males  to  each 
100  females  in  the  second. 

Age.  —  The  death-rate  appears  to  have  increased  at  each  age  of 
life,  but  the  greatest  relative  increase  occurred  at  all  ages  above 
twenty  years.  The  death-rates  at  different  ages  bore  nearly  the 
same  relative  proportion  to  each  other  in  each  period.     For  example, 
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the  death-rate  of  age  5  to  10  and  age  10  to  15  in  the  first  period  were 
respectively  8.6  and  3.7  per  cent,  of  the  death-rate  at  age  0  to  5, 
while  in  the  second  period  they  were  9.1  and  3.8  per  cent,  of  the 
death-rate  at  that  age.    At  older  ages  the  differences  were  greater. 

Kidney  Diseases. 

Toua  dMths,  1856-«5»  26^19. 

The  whole  number  of  deaths  ascribed  to  this  cause  in  1895  was 
1,860,  and  the  death-rate  7.4  per  10,000  of  the  population.  Under 
this  head  are  embraced  all  deaths  included  in  the  registration  reports 
under  the  titles  **  diseases  of  the  kidneys,**  **  nephritis,*'  **  nephria** 
and  *<  Bright*s  disease."  At  the  suggestion  of  the  State  Board  of 
Health  the  obsolete  term  **  nephria"  was  stricken  from  the  list  after 
1887. 

The  total  deaths  from  this  group  of  causes  registered  during  the 
forty  years  were  26,219,  of  which  4,062  occurred  in  the  first  twenty 
years  and  22,157  in  the  last  twenty  years.  The  death-rate  of  the 
first  period  was  1.5  per  10,000  and  that  of  the  second  was  5.5. 
The  rapid  and  comparatively  uniform  increase  in  the  death-rate  is 
remarkable,  the  minimum  death-rate  being  that  of  the  first  three 
years  (1856-58),  or  .4,  and  the  maximum,  7.4,  was  that  of  1895, 
the  last  year  of  the  period. 

Sex.  —  Reference  to  Table  123  of  the  forty-sixth  registration 
report  (1887)  shows  that  the  death-rate  of  males  was  generally 
greater  than  that  of  females.  In  a  ten-year  period  (187d-87)  there 
were  5,291  deaths  of  males  and  3,720  of  females  from  kidney  diseases. 

Since  the  diagnosis  of  diseases  of  the  kidneys  has  progressed 
rapidly  during  the  forty  years  embraced  in  this  period,  it  is  fair  to 
infer  that  a  considerable  part  of  the  increase  may  be  due  to  the 
transfer  to  this  title  of  cases  which  would  in  earlier  times  have  been 
referred  either  to  the  title  of  <<  dropsy,"  or  to  that  of  unknown 
causes.  (See  table  on  page  356  of  registration  report  of  1890,  in 
which  it  appears  that  deaths  certified  as  due  to  kidney  diseases  had 
increased  more  than  twentyfold  in  the  forty  years  1851-90,  while 
the  death-rate  ascribed  to  dropsy  in  the  last  years  of  the  period  had 
fallen  to  less  than  one-fifth  of  that  which  is  shown  in  the  first  ten  years 
of  the  period.  The  result  of  these  changes  is  shown  in  the  sum  of 
the  deaths  ascribed  to  kidney  diseases  and  dropsy,  wherein  the 
actual  increase  in  the  death-rate  from  these  combined  causes  is  only 
50  per  cent,  for  the  whole  period.) 
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Heart  Diseases. 

Total  deaths,  1866-05,  67.989. 

The  whole  number  of  deaths  registered  as  due  to  heart  diseases 
iu  1895  was  3,566,  and  the  death-rate  was  14.3  per  10,000.  This 
death-rate  was  slightly  higher  than  that  of  1894  from  the  same 
cause,  but  was  less  than  that  of  any  previous  year  since  1887. 

The  total  mortality  from  heart  diseases  in  the  forty-year  period 
was  67,989,  of  which  17,550  occurred  in  the  first  half  and  50,439 
in  the  last  half,  the  death-rates  being  respectively  6.5  and  12.4. 
The  minimum  death-rate  from  this  cause  was  4.9,  which  occurred  in 
each  of  the  years  1858  and  1859,  and  the  maximum  was  16.0,  in  1892. 

Sex.  —  Reference  to  Table  125,  registration  report  of  1890,  shows 
that  the  death-rate  of  males  from  heart  disease  was  slightly  greater 
in  number  than  that  of  females. 

Ages.  — In  Table  126  of  the  same  report  are  presented  the  death- 
rates  from  heart  disease  by  ages.  From  these  we  have  selected  the 
column  for  1855,  and  have  added  the  figures  for  1895,  these  being 
very  nearly  the  extreme  years  of  the  forty-year  period  under  con- 
sideration. 

By  this  table  it  appears  that  the  death-rate  has  increased  at  each 
age  period,  but  the  increase  has  been  much  the  greatest  at  advanced 
ages.  A  comparison  of  the  table  referred  to  with  the  following 
table  shows  that  the  death-rate  at  each  age  in  1890  was  greater  than 
that  of  1895  at  corresponding  ages. 

The  increasing  use  of  the  indefinite  term  **  heart  failure,''  as  affect- 
ing the  statistics  of  this  group  of  causes,  has  received  sufficient 
comment  in  the  forty-ninth  registration  report,  Massachusetts,  1890 
(page  363). 

Table  ^2,^  DecUh-raUs  by  Ages,  1856  and  1895,  per  10,000  Living  at  Each 

Age, 


0, 

6. 

10, 
16. 

80, 


A0B8. 


1S50.         1895. 


I 


5.0 
1.4 
1.8 
1.8 
2.0 
2.8 


7.2 
1.0 
1.0 
2.0 
8.2 
0.0 


40, 
60, 
00, 
TO, 
80, 


AOBS. 


1859. 


6.6 

8.6 

20.0 

27.1 

86.8 


1899. 


11.0 

28.a 

01.6 
130.1 
186.4 
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Brain  Diseases. 

Total  deaths,  1856-95, 114,086. 

The  diseases  embraced  under  this  group  are  those  which  are  in- 
cluded in  the  registration  reports  under  the  titles  **  apoplexy," 
*<  paralysis,"  **  insanity,"  **  softening  of  the  brain,"  and  the  general 
terms  <<  cephalitis"  and  **  unspecified  diseases  of  the  brain."  The 
unsatisfactory  term  <  *  cephalitis  "  has  been  employed  for  many  years 
in  the  registration  reports  as  a  makeshift,  to  include  all  inflammatory 
and  other  diseases  of  the  brain  which  it  was  found  difficult  to  place 
under  other  titles. 

The  number  of  deaths  from  this  group  of  causes  in  1895  was  5,062 
and  the  death-rate  20.2,  which  was  less  than  that  of  any  year  since 
1890. 

The  whole  number  of  deaths  in  the  forty  years  from  brain  diseases 
was  114,036,  of  which  36,054  occurred  in  the  first  half  and  77,982 
in  the  last  half  of  the  period.  The  death-rate  of  the  first  half  was 
13.4  and  that  of  the  last  half  19.2,  or  not  quite  50  per  cent,  greater. 
That  of  the  minimum  year  (1856)  was  9.4,  and  that  of  the  maximum 
years  (1892  and  1893)  was  21.5  per  10,000. 

Cancer. 

Total  deaths,  1856-«5,  31,140. 

The  deaths  registered  as  from  cancer  in  1895  were  1,749,  This 
was  a  much  larger  number  than  that  of  any  previous  year.  The  death- 
rate  was  7.0  per  10,000,  as  compared  with  6.4  in  1894.  There  has 
been  a  very  steady  and  comparatively  uniform  increase  in  the  death- 
rate  from  this  cause  from  a  minimum  of  1.9  in  1856,  the  first  year 
of  the  period,  to  7.0  in  1895,  the  last  year. 

The  total  number  of  deaths  from  cancer  in  the  whole  period  of  forty 
years  was  31,140,  of  which  8,219  occurred  in  the  first  twenty  years 
and  22,921  in  the  last  twenty  years.  The  death-rates  of  the  two 
periods  were  respectively  3.0  and  5.6.  Those  of  the  five-year 
periods  were  as  follows:  2.3,  2.7,  3.3,  3.7,  4.5,  5.4,  5.9,  6.4. 

In  the  early  registration  reports  the  term  **  cancer"  appears  alonct 
without  specification  as  to  its  seat  or  location ;  the  term  *<  cancer  of 
the  stomach"  first  appears  in  the  report  of  1867,  «<  epithelioma"  in 
1876,  *<  cancer  of  the  liver  and  uterus"  in  1878,  **  of  the  bowels"  in 
1881,  and  of  the  **  breast,"  **  spleen,"  *<  kidneys"  and  *•  pancreas  " 
in  1887. 
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If  the  priDcipal  portion  of  these  deaths  (those  embraced  in  the 
term  <*  cancer"  without  specification  as  to  location)  be  considered 
separately,  the  increase  in  the  death-rate  of  this  portion  is  found  to 
be  comparatively  small. 

It  is  plain  that  the  increase  in  the  death-rate  from  cancer  is  par- 
tially due  to  more  accurate  methods  of  diagnosis.  For  example, 
the  deaths  from  cancer  in  1876  were  659,  of  which  565  were  from 
cancer  (part  not  stated),  92  from  cancer  of  the  stomach  and  2  from 
epithelioma,  while  in  1895  the  deaths  from  cancer  were  1,749,  which 
were  specified  as  903  from  cancer  (part  not  stated),  201  from  cancer 
of  the  liver,  1  from  cancer  of  the  pancreas,  305  from  cancer  of  the 
stomach,  193  of  the  uterus,  108  of  the  breast,  19  of  the  kidneys,  2 
of  the  bowels,  2  of  the  spleen  and  14  from  epithelioma. 

The  increase  in  the  deaths  registered  as  cancer  simply,  without 
stating  its  location,  during  the  twenty  years  1876-95,  was  only  from 
3.4  to  3.6  per  10,000  of  the  population,  while  the  increase  in  the 
deaths  from  cancer  in  which  the  part  or  organ  affected  was  stated 
was  nearly  six-fold,  or  from  .56  to  3.4  per  10,000  living.  It  is 
needless  to  add  that  the  changes  due  to  improved  diagnosis  would 
naturally  become  manifest  mainly  in  this  latter  class,  although  a 
transfer  of  some  deaths  from  the  indefinite  to  the  definite  class  might 
also  occur. 

Sex.  — The  following  table  shows  the  death-rates  of  the  two  sexes 
from  cancer  for  the  two  twenty-year  periods. 

The  deaths  of  males  in  the  first  period  were  2,627  and  of  females 
5,592,  and  the  death-rates  2.02  and  4.00  per  10,000 ;  and  in  the 
latter  period  the  deaths  were  respectively  7,256  and  15,665,  and  the 
death-rates  3.70  and  7.47 ;  the  increase  of  males  being  at  the  rate 
of  2.41  per  cent,  and  that  of  females  2.85  per  cent. 


Table  63.  —  DecUh-raUs  from  Cancer  per  10,000  Living,  Massachusetts, 

1356-95. 


Males. 

FemalM. 

Malei. 

Females. 

Males. 

Females. 

Males. 

Females. 

1860,   . 

1.20 

2.46 

1808,  . 

1.76 

4.60 

1870,  . 

2.68 

6.28 

1880,  . 

3.47 

7.48 

1867,   . 

1.87 

2.80 

1807,  . 

2.12 

3.70 

1877,  . 

2.16 

6.82 

1887,  . 

3.00 

7.08 

1868,   . 

1.70 

8.12 

1808,  . 

2.21 

4.17 

1878,  . 

8.12 

0.10 

1888,  . 

4.02 

7.01 

1860,   . 

1.80 

8.82 

1800,  . 

2.14 

4.71 

1870.  . 

8.26 

0.46 

1880,  . 

3.02 

8.18 

1880,   . 

1.74 

8.84 

1870.  . 

2.01 

4.41 

1880,  . 

8.60 

0.78 

1800,  . 

3.81 

8.46 

1881,   . 

1.67 

8.00 

1871,  . 

2.80 

4.08 

1881,  . 

8.86 

8.47 

1801,  . 

3.03 

8.14 

1882,   . 

1.72 

8.84 

1872,  . 

2.40 

4.64 

1882,  . 

8.41 

7.10 

1802,  . 

4.10 

7.78 

1888,   . 

1.78 

8.88 

1878,  . 

2.02 

6.07 

1888,  . 

8.00 

7.10 

1803,  . 

4.32 

8.88 

1884,   . 

1.88 

8.81 

1874,  . 

9.46 

4.73 

1884,  . 

8.88 

7.16 

1804,  . 

4.87 

8.84 

1886,   . 

2.08 

8.83 

1876,  . 

2.18 

4.00 

1886,  . 

8.60 

0.01 

1806,  . 

4.40 

0.44 
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The  following  figures  show  a  similar  steady  increase  in  the  death-rate 
from  cancer  in  England  and  Wales :  — 

Deaths  from  Cancer  per  lOfiOO  of  the  Population  in  England  and  Wales,* 


1861-70, 
1871-80, 
1881-90, 


3.9 
4.7 
5.9 


Child-birth. 

Total  deaths,  1866-95, 12,075. 

But  little  account  has  been  taken  in  the  registration  reports  of  the 
changes  which  have  occurred  in  the  mortality  from  the  diseases  and 
incidents  of  child-birth.  Hence  a  column  has  been  introduced  in 
Table  46  in  which  these  data  are  presented. 

It  is  desirable  to  state  clearly  at  the  outset  what  deaths  should  be 
included  under  this  title,  since  several  terms  are  employed,  and  also 
what  shall  be  the  standard  of  comparison  in  stating  a  death-rate.  It 
was  therefore  decided  to  include  all  deaths  classed  as  from  child- 
birth (under  this  term  are  embraced  all  deaths  specified  as  from 
abortion,  child-birth,  miscarriage  and  puerperal  convulsions),  puer- 
peral fever,  metritis,  metria,t  puerperal  septicaemia,  and  the  excess 
of  female  deaths  from  septicaemia  over  those  of  males. 

With  reference  to  the  standard  of  comparison  these  deaths  are 
those  of  one  sex  only,  and  mostly  at  ages  from  fifteen  to  forty-five, 
hence  it  seemed  best  not  to  employ  the  living  population  as  a  stand- 
ard, as  is  done  in  the  other  columns  of  the  table,  nor  should  the  liv- 
ing biiths  be  used  as  a  standard,  since  still-births  subject  the  mothers 
to  the  same  puerperal  dangers  as  living  births.  The  standard  em- 
ployed is,  therefore,  the  number  of  cases  of  births  occurring  in  each 
year,  obtained  by  taking  the  sum  of  cases  of  living  and  of  still  births.  | 
Each  case  of  plural  birth  is  also  reckoned  as  a  single  case.  The  rel- 
ative figures  represent  deaths  per  10,000  cases  of  birth,  and  show  a 
considerable  decrease  comparing  the  two  periods.  The  whole  num- 
ber of  cases  of  birth  in  the  forty  years  was  1,820,756,  and  the  deaths 
by  child-birth,  etc.,  12,075,  or  66.3  per  10,000.  In  the  first  period 
(1856-75),  with  745,461  cases  of  birth,  there  were  5,584  deaths  in 

*  BegiBtrar-General's  Decennial  Supplement,  toI.  1,  London,  1896,  page  54. 
t  An  obsolete  term  adopted  bj  Dr.  Farr. 

X  This  method  was  adopted  in  order  to  make  the  figures  comparable  with  those  of  other 
conntries. 
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child-birth,  or  74.9  per  10,000,  and  in  the  second  period  (1876-95) 
1,075,295  cases  of  birth  produced  6,491  deaths,  or  60.4  per  10,000. 

The  death-rates  by  five-year  periods  were  as  follows :  68.6,  68.1, 
76.2,  83.8,  73.3,  72.9,  54.4,  48.2. 

There  appears  to  have  been  an  increase  ap  to  the  foarth  period, 
and  then  a  greater  decrease  to  the  close. 

In  the  following  table  and  diagram  are  presented  the  figures  for  Massa- 
chusetts and  those  of  a  similar  table  published  by  Brennecke  for  Prussia, 
in  each  of  which  a  rise  appears  during  the  first  half  of  the  period  and  then 
a  greater  fall  to  the  close  of  the  table :  — 

Table  64. 


TSAB. 


MAaaAOHUMTTS. 


Births. 


DMUhsin 
ChUd-btrth. 


lovO.   .    .    •    .    . 

1857.  

1868.  

18M. 

1880,  

1881.  

1862,  

1888 

1864 

1886.  

1888 

1867.  

1868 

1860.   

1870,  

1871. 

1872. 

1878.  

lo7«.  .    •    •    .    . 

1876.   

1876.  

1877.  

1878.  

1879 

1880.  

1881 

1882, 

1888,  

1884.  

1886 

1886.  

1887 

1888.  

1889.  

1890 

180i.   •    •    •    .    • 

1802.   

1898,   

1894.  

1896 

1866-06 


84.868 

86.688 
84,895 
85.806 
86.769 

86.090 
88,614 
80,904 
81.006 
80.810 

84.776 
85.726 
86.879 
86.884 
88.928 

40.800 
44.187 
45.808 
46.692 
44,984 


48.070 
42,698 
42,088 
41,201 
45,127 

46.279 
46.728 
48,489 
49.801 
40.994 

62.121 
64,606 
56.896 
58,548 
69.866 

64,696 
67.629 
69.008 
68.027 
60.158 


1,820.756 


197 
287 
226 
268 
299 

288 
197 
205 
212 
209 

246 
248 
271 
814 


888 

402 
414 
424 


881 
275 
297 
800 

816 

870 
851 
866 

828 
850 

806 
280 
277 
806 
866 


848 
817 
826 
880 


12,075 


Dkath-batb  pbb  10.000. 


Annnnl. 


56.5 
66.4 
64.8 
78.5 
81.8 

78.4 
58.8 
66.8 
68.4 
67.8 

70.4 
68.0 
78.5 
85.1 
88.0 

69.1 
76.6 
88.7 
88.7 
94.8 


88.6 

64.4 
70.6 
72.8 
70.0 

79.9 
76.1 
76.6 
64.9 
70.0 

58.1 
51.4 
49.1 
51.7 
61.5 

41.6 
50.8 
45.9 
47.4 
54.9 


Firt-jear 
Pttrioda. 


66.8 


68.6 


68.1 


[    76.2 

J 


88.8 


! 


78.8 


72.9 


>    64.4 


>    48.2 


Pbumia  (Dbatr-satb 
ras  10.000). 


Annnal. 


78.4 
95.0 
91.6 
75.9 
72.8 

71.8 
78.8 
81.0 
80.6 
76.5 

78.6 
70.5 
79.7 
82.6 
76.7 

89.6 
97.6 
91.0 
74.4 
67.4 


60.6 
58.2 
59.1 
60.2 
55.8 

58.8 
60.0 
68.0 
56.8 
59.0 

56.6 
58.8 

46.6 
48.1 
42.8 

40.0 
40.4 
49.0 


FfT«-7«ar 
Pariodi. 


81.8 


I    78.( 


77.7 


84.8 


58.6 


58.6 


1 

I 


48.6 


48.8 
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The  colamn  of  figures  for  Prussia  in  this  table  is  taken  from  a  paper  by 
Dr.  H.  B.  Brennecke  of  Magdeburg,  entitled  ^^  Errichtung  von  Heimstatten 
fiir  Wochnerinnen,"*  and  extends  over  a  period  of  fifty  years  (1844-93). 
It  contains  the  statistics  of  296,867  deaths  from  child-birth  and  its  inci- 
dents out  of  44,095,659  cases  of  labor. 

DecUh-rates  from  ChUd-hirth^  Massachusetts  and  Prussia,  1856-95, 


In  commenting  upon  that  portion  of  the  foregoing  table  which  re- 
lates to  the  mortality  of  child-bearing  women  in  Prussia,  Brennecke 

•  VierteUahrsscbrift  fttr  Off.  OesandbelUpflege,  1897,  page  81,  toI.  29. 
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says :  ''  Hegar  in  1892,  at  the  gynaecological  congress  in  Bonn,  prop- 
erly called  attention  to  the  fact  that  the  sudden  and  surprising  fall  of 
the  puerperal  mortality  curve  in  1874  was  not  due  to  the  influence  of 
antiseptics  (which  were  not  employed  at  that  time  in  the  country  dis- 
tricts), but  may  be  attributed  solely  to  the  fact  that  in  1874  the  ad- 
ministration of  the  official  registration  passed  out  of  the  hands  of  the 
clergy  into  those  of  the  civil  authorities.  I  have  no  doubt,"  says 
Hegar,  <<  that  the  collection  of  the  statistics  was  conducted  more 
accurately  by  the  clergy  than  by  the  civil  authorities,  since  in  the 
country  districts  the  clergy  are  especially  well  informed  as  to  the 
condition  of  the  families  under  their  care.  They  are  summoned  in 
cases  of  child-birth,  and  know  when  death  in  childbed  occurs.  The 
civil  authorities  are  not  so  well  informed." 

Whether  the  foregoing  comments  in  regard  to  the  cause  of  the 
changes  in  the  death-rate  from  the  incidents  of  child-birth  in  Ger- 
many are  correct  is  a  question.  They  certainly  do  not  apply  to  the 
similar  column  of  statistics  for  Massachusetts,  since  while  the  Massa- 
chusetts column  shows  precisely  the  same  sudden  fall  three  years 
later,  it  is  not  true  that  any  change  in  the  methods  or  the  authorities 
collecting  the  statistics  have  here  taken  place,  since  they  have  from 
the  very  outset,  in  1842,  been  collected  by  the  city  registrars  and 
the  town  clerks  throughout  the  State. 

Certain  Minor  Causes  of  Death. 

Cerebro-spinal  Meningitis.  —  This  term  does  not  appear  as  a  cause 
of  disease  in  the  published  registration  returns  until  1873,  in  which 
year  747  deaths  from  this  cause  were  registered,  a  number  more 
than  three  times  as  great  as  that  of  any  succeeding  year  from  the 
same  cause.  During  the  few  preceding  years  all  deaths  returned  as 
from  this  cause  were  classed  under  the  vague  and  indefinite  term 
**  cephalitis." 

In  the  preceding  year,  1872,  Dr.  Derby  had  called  attention  to 
the  prevalence  of  cerebro-spinal  meningitis,  and  had  published  a 
brief  statement  relative  to  the  disease  in  the  registration  report  of 
that  year. 

In  the  three  years  1873,  1874  and  1875,  the  last  years  of  the  first 
twenty-year  period  under  consideration,  1,159  deaths  from  this 
cause  were  registered,  and  when  compared  with  the  mean  popula- 
tion of  the  three  years  the  death-rate  was  2.4  per  10,000  living. 
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In  the  second  period  the  disease  prevailed  more  or  less  in  each 
year,  the  minimum  mortality  being  78  deaths  in  1878  and  the  maxi- 
mum, 171  in  1888,  the  total  for  the  second  period  being  2,646,  and 
the  mean  death-rate  0.65  per  10,000  for  the  whole  period. 

JErysipelas.  —  Toteil  deaths,  1856-95,  7,688.  The  deaths  from 
erysipelas  in  the  first  period  were  3,565,  and  the  mean  annual  death- 
rate  1.3.  Those  of  the  second  period  were  4,123,  and  the  death- 
rate  1.0  per  10,000,  thus  showing  a  slight  improvement,  comparing 
the  two  periods.  The  maximum  for  the  whole  forty-year  period 
was  262,  in  1875,  and  the  minimum  124,  in  1862. 

Influenza.  —  Total  deaths,  1856-95,  4,315.  The  whole  number 
of  deaths  registered  as  due  to  influenza  in  the  first  period  was  943, 
and  the  mean  annual  death-rate  per  10,000  from  this  cause  was  0.35. 
In  the  second  period  the  deaths  were  3,372,  and  the  mean  annual 
death-rate  0.83  per  10,000. 

In  no  year  of  the  first  period  did  the  deaths  attributed  to  this  cause 
exceed  92  (1857),  and  in  no  year  of  the  second  period  previous  to 
1890  did  they  exceed  48,  but  in  1890  they  suddenly  rose  from  27  to 
411,  and  in  the  six  closing  years  of  the  period  they  were,  respectively, 
411,  546,  967,  296,  370  and  457,  the  deaths  from  this  cause  in  these 
six  years  constituting  more  than  90  per  cent,  of  all  the  recorded 
deaths  from  the  same  cause  in  the  twenty-year  period  1876-95. 
(For  further  information  relative  to  the  deaths  from  other  diseases 
occurring  coincident  with  the  outbreaks  of  influenza,  see  forty-ninth 
registration  report,  1890,  pages  347-351,  also  a  summary  of  the 
epidemic  of  1889-90  in  the  twenty-first  annual  report  of  the  State 
Board  of  Health,  1889.) 

Malarial  Fever. —Totsil  deaths,  1856-95,  1,458.  The  deaths 
from  malarial  fever  are  those  which  are  registered  under  the  titles 
"  ague'*  and  **  remittent  fever.**  In  the  first  period  they  were  465 
in  number  and  in  the  second  993,  the  mean  annual  death-rates 
being  respectively  0.17  and  0.24  per  10,000  living.  The  highest 
number  in  any  year  was  86,  in  1893,  and  the  lowest  8,  in  1859. 
During  the  years  1863-64  (the  midst  of  the  civil  war)  the  numbers 
were  nearly  doubled,  as  compared  with  the  mean  annual  number  of 
that  period. 

Since  the  beginning  of  its  recrudescence  in  Massachusetts  in  the 
second  period  the  deaths  from  this  cause  have  also  notably  increased, 
but,  in  consequence  of  its  comparatively  mild  fatality,  the  death-rate 
from  this  cause  has  at  no  time  been  high.     (For  further  information 
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relative  to  its  prevalence,  see  reports  of  the  Board  for  1880,  1885 
and  1889,  also  the  second  joint  report  of  the  State  Board  of  Health 
and  the  Metropolitan  Park  Commission,  1895.) 

liheumcUism.  —  Total  deaths,  1856-95,  6,516.  The  deaths  regis- 
tered as  from  rheumatism  in  the  first  period  were  2,329  and  in  the 
second  4,187,  and  the  mean  annual  death-rates  were  respectively 
0.86  and  1.03  per  10,000  living,  thus  showing  a  slight  increase. 
The  death-rate  maintained  a  fairly  uniform  course,  with  a  slight  ten- 
dency to  increase  throughout  the  whole  period. 

Hydrophobia.  —  This  disease  appears  occasionally  as  a  spasmodic 
epidemic  lasting  for  one  or  more  years,  but  never  proving  very 
destructive  to  life.  The  following  statistics  are  for  the  entire  period 
of  registration,  ending  with  1895. 

There  were  no  deaths  registered  from  this  cause  in  1895  nor  in  1894. 

The  number  registered  in  the  whole  period  of  registration  was 
117.     The  number  of  deaths  in  each  year  was  as  follows :  — 


Tablb  65.  —  Deaths  from  Hydrophobia^  Massachusetts^  1842-95. 


1842-47, 

1848, 

1849, 

1860, 

1851, 

1852, 

1858, 

1854, 

1855, 

1856, 

1857, 

1858, 

1859, 

1860, 

1861, 

1862, 

1863, 

1864, 

1865, 

1866, 

1867, 

1868, 

1869, 

1870, 

1871, 

1872, 


0 

1873, 

1 

1874, 

8 

1875, 

1 

1876, 

1 

1877, 

0 

1878, 

2 

1879, 

6 

1880, 

1 

1881, 

0 

1882, 

1 

1883, 

2 

1884, 

8 

1885, 

2 

1886, 

0 

1887, 

0 

1888, 

1 

1889, 

1 

1890, 

0 

1891, 

0 

1892, 

1 

1893, 

0 

1894, 

0 

1895, 

2 

0 

1 

0 

Total, 


.  0 

.  0 

.  0 
4 

.  14 

.  15 

.  5 

.  3 

.  3 

.  0 

.  0 

.  0 

.  0 

.  0 

.  0 

.  2 

.  14 

.  17 
9 
1 

.  2 

.  0 

.  0 

.  117 
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The  average  number  of  deaths  in  each  year  from  hydrophobia 
was  but  little  more  than  2,  and  in  twenty-seven  years,  or  just  half 
the  whole  number  of  years  (see  foregoing  table) ,  there  were  no  deaths 
from  this  cause.  The  two  principal  epidemics  were  those  of  1876-81 
and  1888-91. 

Sex.  —  The  deaths  of  males  were  96,  or  82  per  cent.,  and  the 
females  were  21,  or  18  per  cent.,  of  the  whole  number  of  deaths 
from  this  cause. 

Ages.  —  The  deaths  by  ages  were  as  follows :  — 


0-6, 18 

6-10, 26 

10-16,       U 

16-20, 10 

20-30, 12 

80-40 U 


40-60, 9 

60-60, 10 

60-70,      6 

70-80 2 

Over  80, 1 

Unknown, 1 


By  this  table  it  appears  that  over  44  per  cent,  of  the  victims  of 
this  disease  were  children  under  fifteen  years  of  age.* 

Prevalence  by  Months.  —  The  deaths  by  months  were  as  fol- 
lows :  — 


January, 
February, 
March, 
April,  . 
May,     . 
June,    . 


8 
9 
10 
10 
10 
10 


July,    . 

August, 

September, 

October, 

November, 

December, 


6 
16 

9 
18 

8 

9 


This  table  shows  a  fairly  uniform  distribution  throughout  the  year, 
with  the  greatest  number  in  August  and  the  least  in  July. 

Counties.  —  The  distribution  of  the  deaths  by  counties  was  as 
follows :  — 


Barnstable, 
Berkshire, 
Bristol, 
Dukes, . 
Essex,  . 
Franklin, 
Hampden, 
Hampshire, 


2 

Middlesex,  . 

27 

8 

Nantucket,  . 

0 

14 

Norfolk,       . 

16 

1 

Plymouth,    . 

8 

18 

Suffolk, 

14 

3 
7 
2 

Worcester,  . 

7 

Total,    . 

.      117 

In  those  communities  where  dogs  are  constantly  muzzled,  as  in 
Berlin,  hydrophobia  has  been  practically  **  stamped  out."     (Further 


•  Out  of  960  deaths  from  this  caase  in  England  from  1854  to  1888,  51  per  cent,  were  among 
persons  ander  twenty  years  of  age. 
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informatioD  relative  to  this  disease  may  be  found  in  the  twenty- 
second  report  of  the  Board,  1890,  page  xxvii.) 

Comparing  the  two  twenty-year  periods  1856-75  and  1876-95 
the  deaths  from  hydrophobia  in  the  former  were  13  and  in  the  latter 
89,  the  death-rates  being  respectively  0.005  and  0.022  per  10,000 
inhabitants,  the  death-rate  having  increased  more  than  fourfold. 
These  figures,  however,  are  comparatively  insignificant  in  conse- 
quence of  their  small  number. 

Glanders.  — Total  deaths,  1856-95,  23.  No  deaths  were  recorded 
from  this  cause  until  1869,  and  there  were  only  9  in  the  first  twenty- 
year  period.  In  the  second  period  the  number  of  deaths  from  this 
cause  was  14.  It  is  worthy  of  note  that  4  of  these  deaths,  the 
greatest  number  in  any  one  year,  occurred  in  1872,  the  chief  epidemic 
year  of  the  forty-year  period. 

Malignant  Pustule. —To\a\  deaths,  1856-95,  104.  The  whole 
number  of  deaths  registered  from  this  cause  in  the  first  period  was 
67,  and  those  in  the  second  period  were  37,  the  mean  annual  death- 
rate  having  fallen  from  0.025  to  0.009  per  10,000  living.  Although 
the  whole  number  of  deaths  is  small,  this  decrease  in  the  death-rate 
is  notable.  The  deaths  attributed  to  this  cause  occurred  for  the 
most  part  in  a  few  small  towns,  in  which  the  industries  of  tanning 
and  of  sorting  horse-hair  were  conducted.  During  the  first  period 
attention  was  drawn  to  this  form  of  disease  dnd  to  the  necessity  of 
adopting  measures  for  its  prevention. 

The  greatest  number  of  deaths  in  any  one  year  (9)  occurred  in 
1868  and  in  the  first  period,  while  the  greatest  number  in  any  year 
of  the  second  period  was  5. 

Alcoholism  and  Syphilis.  —  A  certain  number  of  deaths  are  cer- 
tified every  year  as  due  to  intemperance  and  syphilis.  No  summary 
of  the  statistics  of  these  causes  of  death  can  have  actual  value  as 
representing  the  prevalence  of  alcoholism  and  venereal  diseases  for 
the  following  reasons :  — 

Such  returns  cannot  in  any  sense  be  regarded  as  an  index  of  the  prev- 
alence of  intemperance,  since  there  can  be  no  doubt  that  the  desire  to 
spare  the  feelings  of  surviving  relatives  limits  the  statement  as  to  this  cause 
of  death  to  those  cases  where  no  disguise  is  possible. 

The  undue  prominence  of  the  cases  reported  in  the  more  populous 
counties  may  be  regarded  as  partly  due  to  the  public  institutions  exist- 
ing in  those  counties.  (From  forty-ninth  registration  report,  1890,  page 
862.) 
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For  a  full  digest  of  the  deaths  from  violence  reported  by  medical 
examiners  as  due  directly  or  indirectly  to  intemperance  in  1888, 
see  forty-seventh  registration  report,  Massachusetts,  1888,  pages 
399-405. 

Fully  two-thirds  of  the  deaths  credited  to  syphilis  are  those  of 
infants  under  one  year  of  age. 

The  Balanoe  op  Mortality. 

The  death-rate  of  Massachusetts  has  maintained  a  fairly  uniform 
course  throughout  the  forty  years  under  consideration,  comparing 
long  periods  of  time  with  each  other.  That  of  the  first  twenty-year 
period  was  19.49  and  that  of  the  second  19.51  per  1,000  of  the  living 
population.  This  uniformity  was  maintained  notwithstanding  the 
&ct  that  one  of  the  chief  factors,  the  density  of  population,  had 
more  than  doubled  during  the  whole  period  of  forty  years.  When 
single  years  are  considered  the  variation  from  a  mean  of  about  19.5 
per  1,000  was  quite  apparent,  the  highest  death-rates  being  22.83 
and  22.85  per  1,000  in  1864  and  1872,  and  the  lowest  17  and  17.33 
in  1867  and  1859,  or  17.2  per  cent,  above  and  12.8  per  cent,  below 
the  mean  for  the  two  extremes. 

The  death-rate  is  composed  of  a  variety  of  different  factors ;  for 
example,  the  deaths  of  persons  of  different  sexes  and  ages  and  per- 
sons dying  from  different  causes.  While  the  death-rate  has  remained 
nearly  uniform,  the  factors  which  compose  it  have  varied  in  a  remark- 
able degree.  Certain  causes  of  death  or  general  groups  of  causes 
have  diminished  notably  in  their  incidence  upon  the  population, 
while  others  have  quite  as  notably  increased.  Infectious  diseases 
generally,  including  consumption,  have  diminished,  while  most  of 
the  so-called  local  diseases  (those  of  the  nervous,  respiratory,  circu- 
latory organs,  etc.)  have  increased,  and  the  result  has  been  a  balance 
or  a  maintenance  of  uniformity  in  the  general  death-rate. 

The  same  facts  have  been  observed  in  the  vital  statistics  of  other 
countries.  (See  the  Registrar-Generars  decennial  report,  England, 
part  1,  page  xxiii,  supplement  to  fifty-fifth  report,  also  the  paper  of 
Dr.  G.  B.  Longstaff,  entitled  **  The  Decline  in  the  Death-rate.**) 

What  the  outcome  of  these  changes  may  be  in  the  future  it  is  im- 
possible to  state.  Should  the  marked  decrease  in  the  death-rates 
from  consumption,  typhoid  fever,  scarlet-fever  and  other  infectious 
diseases  continue  for  a  series  of  years,  it  is  plain  that  this  decrease 
must  be  limited,  since  they  can  only  fall  to  zero,  while,  on  the  other 
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hand,  those  causes  of  death  which  are  increasing  can  continue  to  rise 
indefinitely.  It  is  therefore  desirable  that  greater  attention  should 
be  paid  in  the  future  to  those  causes  of  death  which  cause  the  heaviest 
loss  of  life. 

The  changes  here  alluded  to  also  affect  the  death-rates  at  difierent 
agesy  since  the  diminishing  causes  of  death  (the  infectious  diseases) 
are  mainly  diseases  of  childhood  and  early  life,  while  the  increasing 
causes  are  chiefly  those  of  advancing  age,  and  the  general  effect 
would  be  the  prolonging  of  the  life  of  the  population. 

To  quote  again  the  words  of  Dr.  Longstaff:  ''The  gain  under 
phthisis  is  more  important  than  the  loss  under  cancer,  kidney  dis- 
eases,  etc.,  since  the  lives  saved  are  more  valuable  than  those  which 
are  lost." 

The  following  table  may  be  termed  a  balance-sheet  of  mortality. 
It  presents  the  deaths  for  two  successive  ten-year  periods,  1875-84 
and  1885-94,  and  shows  quite  conclusively  that  while  the  difference 
in  the  death-rate  of  the  two  periods  was  comparatively  slight,  amount- 
ing to  only  0.2  per  1,000  living,  or  212  per  million,  the  factors  which 
contribute  to  the  death-rate  have  undergone  a  material  change. 

Column  1  presents  the  names  of  certain  diseases  and  groups  of 
diseases  or  causes  of  death ;  columns  2  and  3  present  the  numbers 
of  deaths  from  each  cause  or  group  of  causes  for  each  of  two  suc- 
cessive ten-year  periods ;  columns  4  and  5  give  the  annual  death- 
rate  per  million  of  the  population  from  each  cause ;  and  columns  6 
and  7  give  the  decrease  and  increase  in  the  death-rate  from  each 
cause,  comparing  the  two  periods. 


Table  66.  —  Balance  of  Mortality  (Massachusetts),* 


DI8BA8B8  AMD   OlODPS  OV   DI8BA8BS. 


Small-pox,     . 

MOMlM, 

Soarlet-fever, 
Diphtheria  and  croup, 
Whoopiog-eough, 
Typhoid  feTer,     . 
Cholera  iDfantum, 


Deaths. 

1S79-84. 

1985-94. 

a 

8 

241 

86 

1.600 

2,100 

7,118 

4,771 

22.977 

10,248 

2,704 

2,781 

8,838 

8,805 

10,702 

28,805 

1 

AmuAL  Deaths  pek 
Million. 


1S75-84. 


1985-94. 


4 
13 

04 

401 

1,205 
150 
408 

1,110 


4 
05 
217 
780 
120 
878 
1,082 


*  See  note  on  page  814. 
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Table  66  —  Concluded, 


DI8BA8B8  AMD  QSODPB  OF  DI8BA8X8. 


Dysentery,  diarrbosa,  oholera,  enteritis, 

gastritis. 
Rheamatism,        ...... 


Dropsy, 

Puerperal  fever  and  obild-blrth, 
Phthisis, 


Scrofula,  hydrocephalus  and  tabes  mesen- 

terica. 
Cancer, 

Brain  diseases :  cephalitis,  aooplezy,  par- 
alysis, Insanity,  diseases  of  brain,  etc. 
Convulsions, 


Heart  diseases,  . 
Diseases  of  lungs. 
Kidney  diseases,  . 


HepatlUs,  jaundice,   ascites,   disease  of 

liver. 
Developmental  diseases,     .... 


Violence, 

All  specified  diseases. 

All  others,    . 


Total  deaths  from  all  causes,  excluding 

sUU-blrths. 
Balance  of  increase  and  decrease. 


Dbaths. 


1S75-S4. 


1985-94. 


a 

16,741 

1,902 

8,487 

8.187 

60,058 

11,657 

8,515 

80,677 

6,410 

18,800 

86,098 

7.410 

8,600 

84,804 

14,212 


816,190 
29.698 


846,888 


8 
19.555 

2,259 

1,796 

2,584 

57,086 

16,280 

18,260 

46,898 

8,400 

88,442 

68,755 

18,890 

4,848 

42.162 

18,184 


890,874 
30,961 


488,826 


AifMUAL  Dbaths  psb 

MiLLIOH. 


1975-84. 


1885-94. 


4 
887 

107 

196 

177 

8,159 
657 
480 

1,729 
862 

1,069 

2,086 
418 
201 

1,988 
801 


17,818 
1,078 


19,491 


5 

889 

108 
82 

m 

2,698 
740 
602 

2,087 
882 

1,621 

2,672 
632 
220 

1,917 
825 


18.023 
1,680 


19,708 


a! 
e 


4 

114 

60 

666 


16 


1,687 


1,687 


2 


88 

122 
858 

20 
462 
58T 
214 

19 

24 


1,802 

7 


1,800 
212 


NoTB. — Allowance  must  be  made  for  the  effect  of  medical  progress  and  more  exact  methods  of 
diagnosis  upon  any  series  of  figures  covering  a  period  of  twenty  years.  The  general  effect  is  to  chaogv 
as  well  as  improve  existing  systems  of  nomenclature  and  classifioatiop,  and  hence  to  disturb  the  sig- 
nificance of  figures  representing  the  causes  of  death  during  the  period  in  question. 

For  example,  the  line  entitled  **  dropsy  *'  might  be  erased,  and  the  deaths  distributed  in  due  propor- 
tions, chiefly  under  the  titles  **hsart  diseases,*'  <* kidney  diseases"  and  "diseases  of  the  liver,"  wh«i« 
they  undoubtedly  belong. 

Part  of  the  steady  decrease  in  phthisis  may  possibly  be  due  to  a  more  accurate  distribution  of  such 
deaths  under  pneumonia,  developmental  diseases,  etc. 

The  general  result,  however,  showing  the  decrease  of  infectious  and  the  increase  In  local  diseases, 
would  not  be  very  greatly  afllected  by  such  distribution. 


In  the  foregoing  table  the  sum  of  the  specific  death-rates  in 
columns  4  and  5  constitutes  the  mean  annual  death-rate  per  million 
from  all  causes  for  each  ten-year  period,  namely,  19,491  and 
19,703,  or  as  usually  read,  19.5  and  19.7  per  1,000  of  the  living 
population. 

When  reckoned  in  terms  of  the  total  mortality  the  result  is  the 
same.     In  the  twenty  years  1871-90  the  following  diseases,  measles. 
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scarlet-fever,  diphtheria  and  croup,  typhoid  fever  and  consumption, 
had  diminished  in  their  percentage  of  the  total  mortality  from  28.4 
to  19.7,  while  pneumonia,  apoplexy  and  paralysis,  diseases  of  the 
heart  and  kidneys,  had  increased  in  the  same  time  from  17  per  cent, 
of  the  total  moilality  to  26.3  per  cent. 

The  effect  of  this  upon  the  lifetime  of  the  population  is  best 
shown  by  a  quotation  from  a  life-table,  and  for  this  purpose  the 
following  condensed  table  for  English  males  is  given,  since  it  is 
not  practicable  to  present  a  similar  table  for  Massachusetts  with 
accuracy,  for  reasons  already  stated.  The  table  will  answer  fairly 
well  for  Massachusetts,  since  similar  changes  in  the  factors  compos- 
ing the  death-rate  are  taking  place  in  both  communities. 

For  the  sake  of  brevity  the  tables  for  males  only  are  quoted  and 
these  only  at  the  decennial  periods,  at  birth,  ten,  twenty,  thirty 
years,  etc. 

Tablb  67.  —  Mean  After  Lifetime^  or  ExpectcUion  of  Life  (English  Males), 


Emoubh  Males. 

1889-54. 

1871-80. 

1881-00. 

Ekoush  Males. 

1888-54. 

1871-80. 

1881-00. 

Oyeari,   . 

89.01 

41.86 

48.66 

60  years, 

18.68 

18.14 

12.88 

10  yean,   . 

47.05 

47.60 

40.00 

70  years, 

8.46 

8.27 

8.04 

20  years,   . 

80.48 

80.40 

40.27 

80  years. 

4.08 

4.79 

4.62 

80  years,    . 

82.70 

82.10 

82.62 

90  years. 

2.84 

2.66 

2.87 

40  years,   . 

26.00 

26.80 

26.42 

100  years. 

1.68 

1.61 

1.24 

60  years,   . 

10.64 

18.03 

18.82 

These  figures  show  a  gain  in  all  ages  up  to  forty  (actually  to  forty- 
four),  comparing  the  table  for  1881-90  with  that  of  1871-80,  and 
a  loss  at  the  later  ages  of  life.  The  table  for  females  shows  sim- 
ilar changes,  except  that  the  gain  continues  up  to  age  forty-four, 
comparing  the  column  for  1881-90  with  each  of  the  preceding 
tables. 

The  figures  for  Massachusetts  present  similar  changes  with  those 
of  England,  so  far  as  can  be  learned  from  the  more  or  less  crude 
methods  which  must  necessarily  be  employed  in  estimating  the  mean 
after  lifetime  of  a  fluctuating  population. 

The  following  figures  are  introduced  for  the  two  twenty-year 
periods  under  consideration  in  this  summary  to  show  the  principal 
factors  which  have  contributed  to  these  changes  in  the  death-rates 
from  different  causes  during  these  periods  :  — 
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Table  68.  —  Death-rates  from  Certain  Causes  and  Groups  of  Causes,  1856-95, 

by  Five-year  Periods. 


CaniM. 

Fall. 

Canses. 

Bisa. 

Pkbiod. 

Death-rate 

per  10,000 

from  these 

Causes. 

Death-rate 

perlOjOOO 

m>m  these 

Causes. 

1858-80, 
188U85. 
1888-70, 
1871-75,       , 

,1 

Small-pox, meaales,  scarlet- 
fever,  diphtheria  and  oroap, 
typhoid  fever,  cholera  infan- 
tam,  consumption,  whooping- 
congh,  dysentery  and  child- 
birth. 

'    81.7 
98.0 
74.8 

.    84'.9 

Pneumonia,  kidney 
diseases,  heart  dis- 
eases, brain  diseases 
and  cancer. 

'     27.7 

84.7 

I     88.8 

C     44.0 

Mean,  . 

88.5 

36.6 

1878-80, 
1881-86,       . 
1888-00, 
1801-05, 

* 

* 

Small'pox,  measles,  scarlet- 
fever,  diphtheria  and  cronp, 
typhoid  fever,  cholera  infem- 
tnm,  consumption,  whooping- 
congh,  dysentery  and  child- 
birth. 

•    78.1 
86.1 
68.8 

L     60.5 

Pneumonia,  kidney 
diseases,  heart  dis- 
eases,  brain  diseases 
and  cancer. 

'  48.8 
58.7 
82.2 

.     88.8 

Mean,    . 

60.4 

59.6 

From  the  foregoing  it  appears  that  the  deaths  from  the  infectious 
group  diminished  from  81.7  (maximum  93)  to  50.5  in  the  forty 
years,  comparing  the  first  five  years  with  the  last,  and  those  of  the 
other  group  of  certain  local  causes  and  cancer  had  risen  from  27.7 
to  68.8  per  10,000. 

The  mean  of  the  first  group  in  the  first  twenty  years  was  two  and 
one-third  times  as  great  as  that  of  the  second  group,  while  in  the  last 
twenty  years  the  two  means  were  nearly  equal,  60.4  and  59.6. 
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The  Returns  of  Medigal  Examiners. 

The  deaths  returned  by  the  medical  examiners  embrace  all  deaths 
of  a  violent,  sudden ,  suspicious  or  doubtful  character  which  have 
been  referred  to  the  medical  examiners  for  investigation,  and  have 
been  reported  officially  by  them  to  the  Secretary  of  State. 

It  has  been  customary  to  divide  these  deaths  into  four  groups, 
deaths  by  homicide,  suicide,  accident  or  negligence,  and  such  deaths 
from  natural  causes  as  have  also  been  referred  to  the  medical  ex- 
aminer in  consequence  of  their  sudden  or  doubtful  character. 

In  a  considerable  portion  of  all  these  deaths  the  cause  has  been 
decided  or  confirmed  by  autopsies. 

The  law  under  which  such  deaths  are  now  investigated  was  enacted 
in  1877,  and  substituted  the  present  medical-examiner  system  in  place 
of  the  old  coroner's  inquest,  with  its  useless  adjunct,  the  coroner's 
jury.  From  that  time  until  1885  there  was  no  legal  enactment  re- 
quiring an  official  return  of  such  deaths  to  the  State  authorities,  but 
by  the  organization  of  the  Massachusetts  Medico-Legal  Society  a 
system  of  voluntary  reporting  was  at  once  established,  and  was  con- 
tinued without  interruption  until  1885,  when  a  law  was  enacted  re- 
quiring such  returns  in  all  cases. 

These  first  returns,  for  the  period  from  July  1,  1877,  to  Dec.  31, 
1884,  inclusive,  are  incomplete,  and  comprise  about  three-fourths  of 
the  deaths  of  this  class  which  were  investigated  during  that  period. 
From  Jan.  1,  1885,  onward  the  returns  are  complete,  and  comprise 
all  the  deaths  of  this  class.  Hence,  while  in  the  first  period  (1877- 
84)  the  ratio  of  deaths  of  each  class  to  the  whole  number  investigated 
may  be  considered  as  fairly  accurate,  the  comparison  with  the  living 
population  can  only  fairly  be  made  in  the  second  period  (1885-95). 


Table  69.  —  Deaths  invtstigated  by  Medical  Examiners. 
Voluntary  Returns,  Incomplete  {1677^4), 


YSAIS. 


Homtdde. 


Soldde. 


▲eddeiit 

or 
N«fUgenoe. 


Natural 
CaiuM. 


1877.*  . 

1878,  . 

1879,  . 

1880,  .   . 

1881,  . 

1882,  . 
1888, 
1884,  . 

Total,  . 


61 
68 
64 
104 
86 
64 
46 
46 


498 


71 
02 

122 
118 
112 
117 
167 
141 


926 


206 
881 
822 
416 
806 
874 
671 
469 


8,084 


102 
828 
802 
846 
888 
886 
481 
824 


2,661 


TotaL 


480 
819 
800 
977 
967 
891 
1,206 
979 


7,068 


Aatopties. 


116 
196 
182 
229 

179 
189 
216 
194 


1,600 


Inqaesta. 


99 
172 
162 
197 
189 
179 
226 
204 


1,417 


*  Six  months. 
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Tablb  69  —  Concluded. 
Statutory  Returtu,  Complete  (1886-95). 


Ybabh. 


Homldde. 


Snlcide. 


Accident 

or 
Negligence. 


1885, 
1880, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 
1895, 

Total, 


45 
47 
62 
62 
51 
85 
60 
72 
76 
68 
74 


682 


181 
157 
178 
190 
199 
196 
187 
273 
290 
270 
281 


2,897 


567 
678 
748 
785 
792 
862 
866 
974 
976 
975 
1,019 


9,242 


Nfttanl 
Censes. 


485 
496 
588 
624 
612 
680 
727 
890 
879 
846 
948 


7,765 


TotaL 


1,278 
1,878 
1,556 
1,651 
1,654 
1,778 
1,840 
2,209 
2,221 
2,159 
2,817 


20,066 


Antopiiee. 


166 
902 
188 

219 
216 
206 
226 
272 
260 
272 
271 


2,606 


By  the  foregoing  table  it  appears  that  during  the  years  in  which 
no  official  returns  were  required  7,058  deaths  had  been  reported  to 
the  Medico-Legal  Society  as  having  been  investigated  by  the  medical 
examiners,  of  which  number  498,  or  7.1  per  cent.,  were  homicides, 
925,  or  13.1  per  cent.,  were  suicides,  and  3,084,  or  43.7  per  cent., 
were  deaths  from  accident  or  negligence.  In  the  second  period, 
when  returns  were  obligatory  and  presumably  complete,  the  whole 
number  of  deaths  investigated  was  20,036,  of  which  632,  or  3.1  per 
cent.,  were  homicides,  2,397,  or  12.0  per  cent.,  were  suicides,  and 
9,242,  or  46.1  per  cent.,  were  accidental  deaths. 

The  number  of  autopsies  returned  in  the  first  period  was  1,500,  or 

21.3  per  cent,  of  the  whole  number  investigated.     In  the  second 

period  the  autopsies  were  2,505,  or  12.5  per  cent,  of  the  number 

investigated. 

In  the  first  period,  1,417  inquests  were  reported  as  having  been 

conducted,  or  20.1  per  cent,  of  the  whole  number.     The  number 
of  inquests  was  not  reported  in  the  second  period. 

The  foregoing  figures  have  but  little  significance  as  to  the  actual 
ratio  or  death-rate  from  these  forms  of  death  by  violence.  Compar- 
ing the  figures  in  the  second  period  with  the  living  population  it 
appears  that  the  death-rate  from  homicide  in  the  eleven  years 
1885-95  was  0.26  per  10,000  of  the  living  population,  a  slight  in- 
crease having  taken  place,  comparing  the  first  years  of  the  period 
with  the  last,  the  minimum  being  0.16  in  1890,  and  the  maximum 
0.32  in  1893.     From  suicide*  the  death-rate  was  0.97  per  10,000 


*  For  farther  statistics  upon  the  sabject  of  suicide,  see  46th  Mass.  Registration  Report,  1887. 
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Hying,  the  minimum  being  0.78  in  1886,  and  the  maximum  1.21  in 
1893.  From  accident  the  death-rate  was  3.8  per  10,000,  the  mini- 
mum being  2.9  in  1885,  and  the  maximum  4.1  in  1892,  1893  and 
1895. 

With  reference  to  methods,  out  of  2,613  suicides  in  which  the 
method  selected  was  specified,  668  committed  suicide  by  hanging, 
463  by  drowning,  527  by  shooting,  300  by  knife-wounds  of  the  neck, 
and  655  by  poison,  the  chief  poisons  employed  being  the  different 
preparations  of  arsenic  and  of  opium. 

Previous  to  the  repeal  of  the  law  limiting  the  percentage  of  car- 
bonic oxide  in  illuminating  gas,  only  6  suicides  by  the  use  of  illum- 
inating gas  had  been  reported,  but  in  the  seven  years  following  the 
removal  of  this  restriction  62  by  this  method  were  reported  by  med- 
ical examiners. 

Out  of  9,022  deaths  by  accidental  means,  4,179  were  railroad  acci- 
dents, including  those  which  occurred  on  street  railways,  the  number 
of  which  has  considerably  increased  since  the  introduction  of  elec- 
tricity as  a  motive  power.  There  were  3,169  by  drowning,  1,456 
by  falls,  blows  and  falling  bodies,  and  218  by  poison. 

Accidental  deaths  by  inhaling  illuminating  gas  had  also  increased 
very  largely  since  the  introduction  of  water  gas. 

Deaths  of  infants  by  overlaying  and  asphyxia  in  bed  have  also 

materially  increased,  from  64  in  the  five  years  1886-90  to  145  in  the 

five  years  1891-95.     These  were  nearly  all  infants  under  one  year 

old. 

Suicides. 

The  following  summary  of  suicidal  deaths  comprises  the  statistics 
of  the  forty-year  period  1856-95. 

The  whole  number  of  such  deaths  in  the  forty  years  was  5,445,  of 
which  4,271  were  males  and  1,174  were  females.  Of  this  number, 
1,919  occurred  in  the  first  period  and  3,526  in  the  second.  This  in- 
dicates a  slight  increase  in  the  death-rate  from  this  cause  from  0.71 
per  10,000  living  annually  in  the  first  period  to  0.87  in  the  second 
period. 

Sex.  — The  increase  in  men  was  greater  than  that  among  women, 
that  of  men  in  the  first  period  having  been  1.14  per  10,000  and  in 
the  second  1.42,  indicating  an  increase  of  25  per  cent.,  and  that  of 
women  increasing  from  0.32  to  0.35,  or  10.4  per  cent. 

The  seasonal  intensity  of  the  mortality  from  suicide  is  indicated 
by  the  following  figures :  — 
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Suicides  by  Months. 


Death!. 

Death-rate 
redaced 

to  a  Mean 
of  100. 

Deaths. 

Death-rate 
redaced 

to  a  Mean 
of  100. 

January 

8«8 

80 

Joly, 

610 

110 

Fabniary 

826 

77 

Anguat,         .... 

467 

101 

March, 

4«8 

100 

September,   .... 

448 

99 

AprU, 

678 

129 

October,        .... 

482 

98 

May 

612 

HI 

November,    .... 

416 

93 

Jana, 

621 

117 

December 

409 

89 

Ages. — The  following  are  the  figures  for  ages,  with  the  annual 
death-rate  per  10,000  living  at  each  age  :  — 


AOBS. 


Deaths. 


Death-rate. 


10-16, 
16-20, 
20-80, 
80-40, 
40-60, 


17 

162 

904 

1,028 

1,064 


0.08 
0.26 
0.73 
1.07 
1.44 


AOES. 

60-60,      . 
60-70,     . 
70-80,     .       . 
80  and  over,  . 


Death!. 


Death-rate 


1,010 

2.00 

749 

2.84 

892 

2.68 

88 

1.78 

Deaths  by  Lightning. 

During  the  forty  years  1856-95,  149  deaths  were  registered  as 
having  been  caused  by  lightning.  No  deaths  were  registered  as 
from  lightning  in  1861,  1864  and  1891.  In  the  other  years  the 
Seaths  from  this  cause  varied  from  1  to  10  in  each,  10  having  been 
reported  in  1892  and  9  in  1872. 

Sex.  —  Of  the  whole  number,  102,  or  68.5  per  cent.,  were  males 
and  47,  or  31.5  per  cent.,  were  females. 

Seasons.  —  The  deaths  by  months  were  as  follows :  — 


January 0 

February, 1 

March, 0 

April, 4 

May, 10 

June, 24 

July, 63 


August, 50 

September, 6 

October, 0 

November, 0 

December, 1 


Total, 


149 


Eighty-five  per  cent,  of  the  whole  number  occurred  in  the  three 
summer  months. 
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Ages.  —  The  deaths  by  ages  were  as  follows :  — 


Under  5, 4 

6, 12 


10. 
16, 
20, 
80, 
40. 


13 
19 
34 
17 
17 


60,    . 
60,    . 
70,    .        . 
80,    . 
Unknown, 

Total, 


14 
9 
6 
4 
1 


149 


Vital  Statistics  of  Cities,  1894  and  1895. 

Id  Table  70  (page  826)  are  presented  the  most  important  items  of 
vital  statistics  in  the  cities  and  large  towns  having  more  than  10,000 
inhabitants  for  the  two  years  1894  and  1895.  Of  these  there  were 
39  in  1895,  having  a  total  population  of  1,719,680,  or  68.8  per  cent, 
of  the  population  of  the  State.  This  urban  population  may  be 
divided  into  four  groups,  as  follows :  — 

PopuUtioii. 

Group    I.    One  city  having  a  population  of  more  than  100,000,     496,920 

ToUl 

Group  II.    Nine  cities  having  populations  of  more  than  60,000  Popuiauon. 

and  less  than  100,000  in  each,  ....  627,471 
Group  III.    Ten  cities  having  more  than  26,000  and  less  than 

50,000  in  each 808,466 

Gronp  IV.    Nineteen  cities  and  towns  having  more  than  10,000 

and  less  than  25,000  in  each,       ....  286,823 


In  nearly  every  particular  these  groups  are  found  to  bear  a  direct 
relation  to  the  density  of  population  in  the  different  groups. 
By  groups  the  principal  data  were  as  follows :  — 


PKSl^ 

), 

Dbath-batss  FBI  10,000  raoM — 

1 

1 

• 

1 

• 

s 

1 

a 

1 

bold 
Ferer. 

4 

is 

• 

1 

1 

lera 
[nfantum. 

S 

0Q 

1 

1 

• 

a. 

"a* 

5 

1 

o 
g 

Group    I.,  . 

38.1 

81.2 

28.2 

81.6 

24.7 

8.1 

16.0 

0.6 

8.2 

10.9 

Group  11.,  .... 

18.9 

29.7 

19.6 

20.8 

17.1 

3.1+ 

8.2 

0.0 

2.9 

14.8 

Group  HI 

18.1 

29.0 

18.0 

20.1 

16.2 

2.4 

8.8 

0.6 

1.8 

9.6 

Group  IV.,  .... 

16.9 

27.8 

18.7 

19.1 

14.1 

3.8 

6.8 

0.3 

2.1 

8.9 
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The  cities  and  large  towns  having  the  highest  and  lowest  rates 
were  as  follows :  -^ 

Marriage'rates  (^Persons  Married),  1894-95, 

The  State  ^  17.7. 


Chloopee, 
Boiton.  . 
Lawrence, 
New  Bedford, 
Lowell,  . 


Highest. 


27.8 
28.1 
22.1 
21.0 
21.4 


Wobaro, 
Medford, 
MarlboroQgb 
Qulnoy, . 
Peabody, 


Lowest. 


18.0 
18.2 
13.1 
12.8 
12.8 


Birth-rates  per  IfiOO  InhabUants,  1894-95. 

The  State  ^  27.2. 


Holyoke,    . 
Obioopee,  . 
Everett, 
Fitebbarg, . 
Nortb  Adama, 


Nortbampton, 
Brockton, . 
Newbaryport, 
Weymoatb, 
Beverly,    . 


23.7 
22.9 
22.7 
22.0 
10.1 


Boston, 
Fall  River, 
Lowell, 
Chelsea,     . 
Chloopee,  . 


Death-rates  per  IfiOO,  1894-95. 
The  State  =  19.1. 


Waltbam, 
Fitebbarg, 
Hyde  Park, 
Brookline, 
Melrose,    . 


16.0 
16.0 
16.0 
14.1 
13.8 


Natural  Growth. 

The  natural  growth  is  indicated  by  the  excess  of  the  birth-rate 
over  the  death-rate. 


Highest. 


Holyoke,   . 
Fitebbarg, 
Everett, 
Chicopee,  . 
North  Adams, 


21.6 
17.0 
17.1 
16.8 
16.7 


Taanton,  . 
Gloucester, 
Weymoatb, 
Newbaryport, 
Beverly,    . 


Lowest. 


6.7 
6.7 
6.2 
4.4 
8.6 
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Infantile  Death-rates,  Percentage  of  Births,  1894-95. 

The  State  =  16.0. 


Fftll  River, 
Ohloopee,  . 
Lowell, 
Kew  Bedford, 
Lawrence, . 


Highest. 


26.7 
21.6 
20.5 
19.« 
10.4 


Brookline, 
OloQceeter, 
Weetfleld, 
Peabody, . 
Maiden,    . 


Lowest. 


10.0 
10.7 
10.6 

10.4+ 
10.4 


Death-rate  frwn  Consumption  per  10,000  Inhabitants,  1894-95. 

The  State  =  22.1. 


Boston, 
Chelsea,     . 
WeymoQtb, 
MarlboroQgb, 
Cambridge, 


Salem, 
Newton,    . 
North  Adams, 
Fltehbarg, 
Westfleld, 


16.1 
14.0 
14.« 
18.0 
11.3 


Death-rate  from  Pneumonia,  1894-95. 
The  State  =  17.7. 


Boston, 
Haverhill,  . 
Chloopee,  . 
Lawrence, . 
Worcester, 


Brookllne, 
Qalnoy,     . 
Fltehbarg, 
Plttsfield, . 
Melrose,    . 


10.6 

10.4 

10.0 

0.0 

8.2 


Death-rale  from  Typhoid  Fever,  1894-95. 

The  State  =  2.9. 


North  Adams, 
Lowell, 
Wobum,    . 
Newbnryport, 
Clinton,      . 


11.4 
6.0 
6.0 
4.8 
4.4 


Northampton, 
Hyde  Park, 
Chelsea,    . 
Brookllne, 
Gloucester, 


1.8 
1.7 
l.« 
1.3 
1.3 
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DecUh-rale  from  Diphtheria  and  Croup^  1894-95. 

The  State  ==  7.2. 


Highest 


Boston, 
TaoDton,   . 
CheiMm,     . 
Qoincy, 
Cambridge, 


16.0+ 

15.e 

12.4 

11.8 

10.8 


Lowest. 


Haverhill, 

Marlboroagb, 

Fltchbarg, 

Northampton, 

Newbaryport, 


2.8 
2.7 
2.6 
2.1 
1.4 


Four  cities  having  the  highest  death-rates  from  diphtheria  and 
croup  were  in  the  metropolitan  district. 

Death-rate  from  Measles,  1894-95, 
The  States 0.4. 


Highest 


Holyoke,  . 
Springfield, 
Northampton, 


3.1 
2.1 
1.7 


Higbett 


Ohicopee, . 
Fall  BWer, 


1.6 
0.9 


The  4  cities  having  the  highest  death-rate  from  measles  were  in 
close  communication  on  one  line  of  railway  in  the  Connecticut  valley, 
and  there  were  17  cities  and  large  towns,  containing  over  250,000 
inhabitants,  in  which  no  deaths  from  this  cause  were  registered  in 
1894  and  1895.  There  were  also  7  other  cities  in  which  only  one 
death  from  measles  occurred  in  each. 


Death-rate  fivm  Scarlet-fever,  1894-95. 
The  State  =  2.3. 


Wobnm,  . 
Somervllle, 
Cambridge, 
Medford,  . 
North  Adama, 


Highest 


18.1 
7.8 
7.0 
4.2 
8.4 


Peabody,  . 
Fltohbnrg, 
Holyoke,  . 

I  Beverly,    . 

'  Clinton,    . 


Lowest. 


0.6 
0.4 
0.2 
0.0 
0.0 


In  one  city  and  one  town  there  were  no  deaths  from  scarlet-fever. 
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Death-rate  from  Cholera  Infantum^  1894-95, 

The  Stote  =  10.2. 


Lowell, 
Ohlcopee,  . 
FrII  River, 
Lawrence, 
Holyoke,    . 


HIgbeat. 


26.2 
26.0 
24.4 
10.6 
16.8 


Haverhill, 
Beverly,    . 
Medford,  . 
Waltham, . 
WeymoQth, 


•       •       •       • 


Lowest. 


6.6 
6.1 
4.« 
4.4 

8.6 


The  first  five  are  maDufacturing  cities. 

The  cities  and  towns  which  had  the  highest  and  lowest  combined 
death-rate  from  these  seven  infectious  diseases  were  as  follows,  in 
the  order  named :  — 

Combined  Death-rales  from  Specified  Diseases^  1894-95, 

The  States 62.9. 


3= 


mr 


nighett. 


BoetOD, 
Chloopee,  . 
Lowell, 
Fall  River, 
Cambridge, 


89.6 

n.2 

76.1 
78.2 

n.8 


Northampton, 
Medford,  . 
Fltcbbarg, 
Melrose,    • 
BrooklliM, 


Lowest. 


48.6 
43.2 
41.8 
41.8 
40.8 


The  following  table  contains  the  principal  vital  statistics  of  the 
cities  and  large  towns  having  over  10,000  inhabitants  in  each  for 
the  two  years  1894  and  1895  :  — 
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STATISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


The  statistical  information  received  by  the  Board  during  each  year, 
either  through  the  medium  of  voluntary  returns  or  in  consequence 
of  legal  requirements,  has,  in  the  last  two  reports  of  the  Board,  been 
presented  under  four  different  heads  or  groups,  which  were  sum- 
marized and  defined  in  the  last  report  as  follows :  -^ 

1.  The  Weekly  Mortality  Returns. — These  consist  of  the  reports  of 
deaths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the  State 
Board  by  the  registration  officials  of  cities  and  towns.  They  are  voluntary, 
and  serve  principally  to  show  the  seasonal  prevalence  of  each  of  the  chief 
infectious  diseases,  and  the  mortality  of  children  under  five  years  old  in 
weekly  periods.  This  series  of  statistics  has  been  continued  by  the  Board 
for  at  least  twenty  years,  and  has  been  published  as  a  summary  for  fourteen 
years. 

2.  The  Reports  of  Certain  Infectious  Diseases^  —  Diphiheria  and  Croup^ 
Scarlet-fever y  Typhoid  Fever  and  Measles,  —  These  are  obtained  from  the 
annual  reports  of  local  boards  of  health  for  the  year  1896,  which  are  for- 
warded to  the  State  Board  from  cities  and  towns.  By  comparing  the  num- 
bers of  reported  cases  with  the  reported  deaths,  the  mean  fatality  of  each 
disease  in  the  places  from  which  the  reports  are  made  is  obtained  with  a 
reasonable  degree  of  accuracy. 

8.  Reports  of  Cities  and  Toumsy  made  under  the  Provisions  of  Chapter 
302  of  the  Acts  of  1893.  — By  this  act  each  local  board  of  health  is  required 
to  report  to  the  State  Board  every  case  of  '^  disease  dangerous  to  the  pub- 
lic health  "  which  is  reported  to  the  local  board.  A  digest  of  these  reports 
is  presented  in  summary  No.  III. 

4.  Reports  made  under  the  Provisions  of  Chapter  218  of  the  Acts  of 
1894.  —  The  full  reports  of  deaths  occurring  in  each  city  and  town  having 
over  5,000  inhabitants  comprise  another  series  of  returns,  which  are  sum- 
marized in  No.  IV.  These  reports  are  made  under  the  requirements  of  the 
following  statute :  — 

[Acts  op  1894,  Chaptbb  218,  SEcnoir  3.] 
'^  In  each  city  and  town  having  a  population  of  more  than  five  thousand 
inhabitants,  as  determined  by  the  last  census,  at  least  one  member  of  said 
board  shall  be  a  physician,  and  the  board  shall  send  an  annual  report  of 
the  deaths  in  such  town  to  the  State  Board  of  Health.  The  form  of  such 
reports  shall  be  prescribed  and  furnished  by  the  State  Board  of  Health." 
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SUMMARY   OF    THE   WEEKLY   MORTALITY   REPORTS    FROM 

CITIES  AND  TOWNS- 

The  following  summary  comprises  the  returns  of  deaths  made  at 
the  end  of  each  week  by  the  town  clerks,  city  registrars  and  other 
officials  having  in  charge  the  vital  statistics  of  cities  and  towns. 

These  returns  are  compiled  each  week  and  published  as  a  bulletin, 
one  copy  of  which  is  sent  to  the  registering  officer  of  each  city  and 
town  in  the  State.  These  reports  are  necessarily  incomplete,  since 
they  are  voluntary,  and  comprise  the  mortality  statistics  of  a  part  of 
the  population  only,  the  reporting  places  being  chiefly  the  cities  and 
larger  towns.  The  value  of  the  weekly  mortality  returns  consists 
very  largely  in  the  fact  that  they  constitute  a  continuous  history  of 
the  prevalence  of  the  principal  infectious  diseases  throughout  the 
State,  so  far  as  can  be  learned  from  the  mortality  which  they  cause. 

In  connection  with  the  results  of  the  information  obtained  as  a 
consequence  of  the  enactment  of  chapter  302  of  the  Acts  of  1893, 
these  weekly  mortality  reports  furnish  to  the  Board  an  important 
index  of  the  health  of  the  people,  as  influenced  by  the  prevalence 
of  epidemic  diseases  at  different  seasons  of  the  year.  The  estimated 
population  of  the  cities  and  towns  contributing  to  the  returns  of 
1896  was  about  1,486,000,  or  about  three-fifths  of  the  total  popu- 
lation. 
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The  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  maximum  temperature. 

Mean  minimum  temperature. 

Rainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infections  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diarrhoeal  diseases. 

Deaths  from  scarlet-fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  erysipelas. 

In  consequence  of  the  unusual  amount  of  space  devoted  to  the 
vital  statistics  of  the  State  in  this  report,  the  usual  summary  of  the 
facts  contained  in  the  following  table  will  be  omitted  this  year, 
but  will  be  presented,  together  with  that  of  other  years,  as  a  general 
jsummary  in  a  succeeding  volume. 

The  following  table  contains  a  summary  of  the  statistics  compiled 
from  these  weekly  returns  of  mortality :  — 
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II. 

FATALITY  {RATIO  OF  DEATHS  TO  OASES)  FROM  CERTAIN 

INFECTIOUS  DISEASES  IN   1896. 

The  statistics  presented  in  the  following  table  are  compiled  from 
the  published  reports  of  local  boards  of  health  for  the  year  1896 
which  have  been  forwarded  to  the  office  of  the  State  Board  of  Health. 
They  are  the  figures  representing  the  numbers  of  cases  reported  to 
local  boards  of  health  under  the  provisions  of  section  79  of  chapter 
80,  Public  Statutes. 

The  numbers  of  deaths  are  also  obtained  from  the  same  reports, 
and  the  comparison  of  these  two  series  of  figures  presents  a  fairly 
accurate  method  of  arriving  at  the  fatality  from  these  diseases  in  the 
places  from  which  they  are  reported.  The  figures  representing  the 
numbers  of  cases  are  probably  less  than  the  actual  numbers,  since 
some  cases  must  necessarily  escape  registration  through  neglect  to 
report  or  in  consequence  of  faulty  diagnosis. 


Ccises  of  Infectious  Diseases  and  Deaths  reported  to  Local  Boards  of  Healthy  1896, 


DiPHTHKRIA 
AND  i'ROnP. 

SCARLBT- 
VBVKR. 

Typhoid 
FavBR. 

Mraslrs. 

ClTT  OB  TOTfU. 

Cams. 

Deaths. 

Cases. 

Deaths. 

Gases. 

Deaths. 

Cases. 

Deaths. 

Athol,    . 

e 

- 

4 

- 

4 

- 

- 

- 

Amesbnry,   . 

88 

2 

28 

- 

12 

- 

SI 

- 

Adams, . 

61 

12 

2 

- 

- 

- 

- 

- 

AtUeborongb, 

19 

2 

4 

•  - 

1 

• 

8 

- 

Ayer,     . 

6 

2 

15 

- 

8 

- 

8 

- 

Belmont, 

4 

- 

5 

- 

7 

- 

15 

- 

Blaokstooe,  • 

6 

8 

4 

- 

- 

- 

- 

- 

Boston, 

4,480 

672 

1,210 

121 

1,070 

102 

8.048 

27 

Brookfleld,   . 

- 

- 

- 

- 

8 

- 

• 

- 

BrookliDe,    .       . 

58 

6 

27 

2 

17 

- 

107 

a 

Cambkidoe,  t 

485 

02 

196 

0 

256 

80 

288 

i 

CantoD, . 

1 

- 

6 

- 

- 

- 

5 

- 

Chelsia,     . 

100 

2T 

82 

2 

0 

6 

82 

- 

*  Ao  epidemic,  number  not  stated .      f  Oerebro^loal  meningitis,  4  deaths. 
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Ccises  of  Infectious  Diseases^  etc,  —  Continued. 


CiTT  01  Toim. 


DiPHTHKRIA 
AMD  CkoCP. 


Cases. 


Deaths. 


Chicopki,    . 
OlintoD, 
Concord,*     . 
Cottage  City, 
Danvers,       . 
Dedbam,       •       .       . 
BiathamptOD, 
East  Bridgewater,       . 
Eykbitt,     . 
Fall  Riysr, 
FrrcHBUBO, . 
FramiDgbam,  f     . 
Franklin, 
Gardner, 
Glouoester, 
Haybbhill,  . 

noil 

Ipswich,        .       .       • 

Lee 

Leicester, 

Leominster,  . 

Lexington,    .       .       . 

Lincoln, 

LOWBLL,         •        •         . 

Ltnv,   .... 
Maldbn, 
Mancbester,  . 
Mablbobouoh,  X 
Medfleld,       .       .       . 
Mbdfobd,    . 
Ifelroaoi        • 
Mllford,        .       . 
Millbnry,       . 
Nabant, 
Natick,  .... 


02 

10 

4 

T 

9 

16 


00 

180 

42 

22 

9 
11 
76 
76 

2 
64 

1 

16 
21 

6 

1 

110 

426 

02 

7 
20 

6 

100 

19 

60 

0 

1 
13 


26 


2 
8 


7 
71 
18 

8 

2 
18 
18 

8 
1 


47 

82 

7 


11 
3 

4 
1 
1 
1 


BCABLIT- 
FKVKB. 


Cases. 


Deaths. 


86 

84 

8 

17 

4 
8 

12 

0 

208 

40 

13 

4 

8 

186 

47 
1 
6 
6 

18 

188 

4 

76 
227 
42 
11 
12 

4 
82 
26 
10 
11 

1 
14 


4 
2 


20 
2 


8 
6 

4 


1 

4 
4 


1 
1 
1 


Typhoid 
Fbvbb. 


Cases. 


Deaths. 


17 
7 
8 
6 

10 


26 
06 
20 

11 

3 

12 

43 

121 

24 

6 
7 
0 
i 

0 

178 
00 
74 

18 
8 

28 
0 
6 
8 


6 

26 

4 


6 
0 

> 

18 


1 

2 

86 

27 

6 


8 
2 
1 


2 


Mbaslbs. 


Cases. 


Deaths. 


11 

1 

31 
10 


241 

86 

14 

1 


62 
1 


1 

6 
24 

346 

46 

06 

6 

217 

22 

14 


*  Cerebro-splnal  menlngitia,  1  death.  f  Cerebro-spinal  meningitis,  8  deaths. 

X  Cerebro-spinal  meningitis,  2  deaths;  1  caae  of  small-pox. 
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Cases  of  Infectious  Diseases,  etc. — Ck>Dcladed. 


DiPHTHBBIA 

AMD  Caocr. 

SOABLBT- 
PBVKS. 

Ttphoio 
Fbteb. 

llBASLBS. 

City  ob  Tow*. 

1 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

<  Cases. 

Deaths. 

New  Bidpobd,*        .... 

70 

83 

70 

8 

78 

14 

12 

1 

NawTON.t 

174 

21 

08 

1 

48 

7 

806 

- 

NOBTHAXPTON, 

10 

4 

20 

- 

27 

2 

2 

- 

NoBTH  Adams,!        .... 

85 

6 

20 

- 

68 

11 

258 

6 

North  Andover, 

0 

8 

8 

- 

8 

2 

118 

- 

North  AtUeboroagh 

12 

4 

4 

- 

- 

- 

- 

- 

Norwood 

10 

- 

28 

- 

7 

- 

1 

- 

PiTTBFIBLD, 

117 

14 

0 

- 

- 

- 

117 

I 

Palmer, 

13 

6 

2 

- 

8 

2 

0 

- 

Plymoath, 

4 

- 

60 

2 

28 

8 

- 

- 

QlTINOT 

112 

10 

08 

- 

88 

- 

18 

« 

Revere, 

24 

2 

9 

- 

10 

2 

- 

- 

Salxm 

200 

21 

169 

8 

84 

0 

«> 

- 

Bharon, 

2 

- 

- 

* 

- 

- 

- 

- 

480 

05 

142 

6 

88 

20 

- 

- 

BPBINOriBLD 

98 

20 

82 

8 

40 

11 

22 

0 

Swampseott, 

6 

2 

6 

- 

8 

- 

26 

1 

Taunton,    

61 

12 

12 

- 

48 

0 

87 

- 

Tewksbnry, 

10 

1 

1 

- 

- 

- 

- 

- 

Wakefleld, 

28 

1 

0 

- 

17 

8 

052 

- 

Walthax,§ 

76 

8 

84 

4 

60 

4 

- 

- 

Warren, 

8 

8 

27 

- 

18 

1 

76 

- 

WatertowD,|| 

88 

7 

80 

- 

7 

4 

16 

- 

Ware, 

16 

7 

4 

- 

1 

• 

- 

- 

Wellealey, 

2 

- 

1 

- 

- 

• 

4 

- 

Weatfield, 

22 

0 

12 

- 

11 

8 

4 

- 

Whltmao, 

8 

1 

10 

1 

7 

- 

6 

- 

Winchesteri 

04 

7 

10 

- 

0 

- 

7 

w 

80 

6 

27 

a 

8 

- 

- 

- 

WOBCSBTXB, 

862 

70 

224 

0 

127 

14 

460 

0.861 

T 

Totals 

8,016 

1,848 

8,878 

220 

8,010 

471 

06 

Fatality,  per  oent^ 

16.1 

6.7 

16.0 

0.0 

•  Whoopiog-oongh,  10  oases.  t  Cerebro-spioal  menlnglUa,  2  deaths. 

}  Oerman  measles,  6  oases;  ohioken-pox,  4  cases;  mumps,  1  oast. 
S  BmaU  poz,  2  oases.  ||  Whooplog-oongh,  2 
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The  cities  and  towns  embraced  in  the  foregoing  table  are  78  in 
number,  or  6  less  than  those  presented  in  the  previous  year.  They 
comprise  at  least  three-fourths  of  the  population  of  the  State. 

The  reported  cases  from  diphtheria  and  croup  were  in  excess  of 
those  of  any  of  the  previous  years  embraced  in  the  report,  but  the 
actual  number  of  deaths  was  less  than  that  of  either  of  the  two  pre- 
ceding years  and  the  fatality  was  also  less,  being  only  15.1.  Com- 
ment upon  these  figures  will  be  found  elsewhere. 

The  reported  cases  of  scarlet-fever  were  much  less  than  those  re- 
ported in  1895,  and  the  fatality  (5.7  per  cent.)  was  less. 

The  reported  cases  of  typhoid  fever  were  greater  than  those  of 
1895,  and  the  fatality  (15.6)  was  less  than  that  recorded  in  any  pre- 
vious year. 

The  reported  cases  of  measles  were  in  greater  number  than  those 
of  any  previous  year,  but  the  fatality  (0.9)  was  less. 

The  figures  for  1896  are  as  follows :  — 

Reported  cases  of  diphtheria  and  croup, 8,915 

Registered  deaths  from  diphtheria  and  croup  in  the  same  cities  and  towns,     1,348 
Fatality  (per  cent), 15.1 

Reported  cases  of  scarlet-fever, 8,873 

Registered  deaths  from  scarlet-fever  in  the  same  cities  and  towns,    .        .        220 
Fatality  (per  cent.), 5.7 

Reported  cases  of  typhoid  fever, 3,016 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  .        .        471 
Fatality  (per  cent.), 15.6 

Reported  cases  of  measles, 6,861 

Registered  deaths  from  measles  in  the  same  cities  and  towns,    ...         65 
Fatality  (per  cent), 0.9 

The  following  table  presents  the  summary  of  these  statistics  for 
the  five  years  1891-1896  :  — 

Reported  Cases  of  Infectious  Diseases  in  Massachusetts, 

Diphtheria  and  Croup. 

[Pre-Antitoxin  Period.] 


IMl. 


18M. 


ISM. 


1M4. 


ToUU 


Reported 
Deaths, . 
Fatality  (per  oeDt.)» 


2,444 

675 

28.5 


8,038 

801 

20.2 


2,010 

028 

81.7 


4,080 

1,878 

27.0 


18,882 

*  8,788 

28.8 
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Reported  Cases  of  InfectUms  Diseases  in  Massachusetts — Concluded. 

Diphtheria  and  Croup, 

[Anatoxin  Period.] 


IMS. 


189«. 


ToUl. 


Reported 

Deethe, 

Fntellty  (per  cent.) , . 


.       • 


•       «•••• 


7,866 

1.484 

18.9 


8,915 

1,848 

15.1 


16,771 

2,882 

10.0 


Scarlet-fever, 


1891. 

1898. 

1898. 

1894. 

1895. 

1898. 

ToUL 

Reported  eaief, 

4,517 

6,112 

7,420 

7,416 

6,050 

3,878 

35,888 

Deathfi 

151 

281 

624 

604 

857 

220 

2,137 

Fatality  (per  oent.), 

3.8 

4.6 

8.8 

6.8 

6.9 

6.7 

6.0 

Typhoid  Fever, 


1891. 


1898. 


1898. 


1894. 


1898. 


1898. 


TotaL 


Reported  oaeee. 
Deaths,    . 
Fatality  (per  oent.), 


2,414 

460 

19.0 


1,892 

485 

28.0 


2,457 

402 

20.0 


2,814 

488 
17.0 


2,665 

468 

17.2 


3,016 

471 

15.6 


16,258 

2,804 

18.4 


Measles. 


1891. 


1898. 


1898. 


1894. 


1898. 


1898. 


Total. 


Reported  caaes, 
Deatha,    . 
Fatality  (pereent.), 


6,861 

84 

1.4 


783 

81 

4.0 


6,200 

98 

1.6 


2,051 

87 

1.8 


6,088 

76 

1.6 


6,861 

65 

0.9 


263T9 
800 
1.4 


For  the  purpose  of  convenience  in  future  reference  the  table  relat- 
ing to  diphtheria  and  croup  is  here  divided  into  two  periods,  which 
may  properly  be  called  the  pre-antitoxin  and  the  antitoxin  periods, 
since  antitoxin  came  into  use  in  the  State  about  the  beginning  of 
the  year  1895. 

In  order  to  compare  the  foregoing  figures  with  those  of  another 
country  in  which  systematic  notification  has  been  conducted  for  a 
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period  of  several  years  successively,  the  following  figures  for  Eng- 
land are  also  presented,  as  given  in  the  annual  reports  of  the  Local 
Government  Board :  — 

England, 

[Load  Goverament  Board  flgom.] 


DtFBTHIBIA. 

Ckoup. 

Total. 

1 

Catei. 

Death!. 

Caaee. 

Deathf. 

Caset. 

Deatht. 

Percent 

1890,       

1891 

1892 

1898,       

1894,       

1896 

18,977 
90,712 
17,681 
18,700 

8,m 

4,761 
4,286 
4,226 

1,169 
1,486 
1,266 
1,268 

401 
686 

486 
640 

2,968 
11,919 
16,146 
22,148 
18,887 
19,968 

768 
2,829 
8,678 
6,486 
4,722 
4,766 

26.6 
28.7 
28.6 
24.6 
26.1 
28.9 

Total,      .... 

70,970 

16,889 

6,124 

2,112 

90,966 

1 

1 

22,088 

- 

Mean  fataUty  (per  oent.),  . 

28.1 

41.2 

u.» 

24.3 

The  following  figures  present  the  fatality  from  diphtheria  and 
croup,  scarlet-fever  and  typhoid  fever  in  England,  as  reported  by 
the  Local  Government  Board  of  England  for  the  years  1890-95  :  — 


1890. 

1S81. 

18M. 

1898. 

1884. 

1888. 

Diphtheria  and  oronp, 

Bearlet^ferer, 

Typhoid  ferer, 

26.6 

8.0 

19.9 

28.7 

6.8 

20.8 

28.6 
4.4 

17.8 

24.6 

4.2 

17.0 

26.1 

4.8 

17.6 

28.9 

4.2 

10.9 
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Official  Returns  of  Notified  Diseases  Dangerous  to  the  Public 

Health,  1896. 

The  following  summary  embraces  the  returns  of  diseases  *'  danger- 
ous to  public  health,"  made  to  the  State  Board  of  Health  under  the 
provisions  of  chapter  302  of  the  Acts  of  1893.  Since  the  act  in 
question  did  not  specify  the  diseases  intended  to  be  reported  to  the 
Board  (except  small-pox),  the  Board  issued  a  circular,  in  which  it 
expressed  its  opinion  as  to  the  particular  diseases  which  should  be 
reported  under  the  provisions  of  this  act.  They  were  the  following : 
smalUpoXy  scarlet-fever y  measlesy  typhoid  fever^  diphtheria^  mem' 
branous  croup,  cholera,  yellow  fever,  typhus  fever,  cerebrospinal 
meningitis,  hydrophobia,  malignant  pustule,  leprosy  and  trichinosis. 

The  report  of  1893  embraced  the  returns  of  the  fractional  year 
only  which  immediately  followed  the  enactment  of  the  statute,  while 
those  of  1894  and  1895  were  each  for  a  full  year. 

The  whole  number  of  cases  of  infectious  diseases  reported  in  1896 
was  21,320,  which  were  divided  as  follows :  — 

Reported  cases  of  small-pox, 5 

Reported  cases  of  diphtheria  and  croup, 8,515 

Reported  cases  of  scarlet-fever, 3,801 

Reported  cases  of  typhoid  fever, 2,637 

Reported  cases  of  measles, 6,362 

Total, 21^20 

The  summary  for  the  years  1893,  1894,  1895  and  1896  is  as  fol- 
lows :  — 


Rbpobtkd  Camm  of 


Small-pox. 


DlphtherU 
and  Croap. 


Soarlet- 
ferer. 


Trohotd 
FeTar. 


Maatlaa. 


1803  (four  months  only),  . 

1894 

1896,     

1896,     

ToUl,    .        .        .       . 


86 

1,109 

2,914 

1,626 

181 

4,178 

6.781 

2,872 

1 

7,808 

6,104 

2.488 

6 

8,616 

8,801 
19.640 

2,687 

222 

21,608 

8,972 

1.608 
2,188 
4,868 
6,862 


14,866 
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Seasonal  DiatribxUion.  —  By  months  these  diseases  were  reported 
as  follows  in  1896 :  — 

Cases  of  Infectious  Diseases  reported  to  the  Board  by  Months  during  1896. 


1 

I 

1 

1 

I 

1 

XX 

1 

1 

1 

•a 

i 

1 

Janoftry,  . 
Eabniaryi 
lUreh,      .       . 
April.        .       . 
May. .       .       , 

808 
7M 
646 
606 
787 
621 
616 

407 
816 
870 
884 
812 
882 
208 

144 
02 
72 
66 

108 
114 
186 

846 
487 
466 

461 
006 
042 

470 

AagQSt,  . 
September,     . 
October,  . 
Norember,     . 
Deeember, 
Total. 

622 
684 

1.041 
010 
821 

180 
100 
820 
416 
400 
8,801 

821 
400 
600 
846 
222 

177 
207 
848 
682 
1,078 

June, 

July,        .       , 

8,616 

2,687 

6,862 

In  order  that  the  foregoing  figures  may  be  interpreted  with  greater 
facility  the  following  table  is  appended :  — 

ItUensity  of  Prevalence, 


DiFBTHBBIA  AND 

Cboup. 

SCABLST-VBTBB. 

Ttfhoid  Fstbb. 

IfBAaLBS. 

18»«. 

1899. 

18»«. 

ims. 

18»«. 

1895. 

1899. 

1895. 

A 

B 

■  i 

A 

B 

B 

A 

B 

B 

A 

B 

B 

January, 

20.0 

12.4 

0.6 

18.1 

12.6 

14.0 

4.6 

6.4 

6.4 

11.2 

6.4 

8.3 

February, 

26.8 

11.3 

0.3 

10.0 

10.6 

18.6 

3.2 

4.4 

8.1 

16.1 

8.7 

8.1 

March,    .       .       . 

20.8 

8.0 

7.8  ! 

ll.O 

11.4 

14.8 

2.3 

8.2 

8.1 

14.7 

8.4 

16.6 

April,      .       . 

16.0 

7.8 

6.8  ' 

11.1 

10.7 

0.0 

2.2 

8.1 

8.8 

16.4 

8.0 

21.8 

May,        .       .       . 

28.8 

10.2 

6.8 

10.1 

0.7 

8.5 

8.6 

4.0 

4.8 

20.2 

16.8 

21.1 

Jnoe, 

20.7 

8.0 

0.0 

11.1 

10.7 

0.0 

8.8 

6.8 

6.1 

81.4 

18.0 

23.0 

Joly,       .       •       . 

16.6 

7.1 

6.6 

6.7 

6.4 

6.8 

4.8 

6.0 

6.7 

16.6 

8.0 

3.6 

Angiiat,  . 

16.8 

7.2 

7.6 

6.1 

6.0 

6.6 

10.4 

14.4 

18.6 

6.7 

8.8 

2.6 

September,     . 

17.8 

7.6 

8.8 

6.6 

6.8 

7.8 

13.6 

18.0 

20.6 

6.0 

4.0 

1.1 

October, . 

88.6 

14.4 

11.4 

10.8 

0.0 

0.4 

10.6 

27.2 

22.4 

11.2 

6.4 

1.8 

November,     . 

80.8 

13.0 

21.6 

18.8 

18.2 

11.2 

11.6 

16.0 

16.0 

17.7 

10.2 

4.6 

Deeember,     . 

26.6 

11.4 

16.0 

1 

12.0 

12.4 

7.8 

7.2 

10.0 

0.2 

34.6 

10.0 

6.8 

Mean,       • 

28.8 

10.0 

10.0  , 

1 

10.4 

10.0 

10.0 

7.2 

10.0 

10.0 

17.4 

10.0 

10.0 

The  figures  in  the  foregoing  table  are  introduced  for  the  purpose, 
not  of  comparing  the  prevalence  of  one  disease  with  another,  but  for 
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the  purpose  of  presenting  the  reports  of  each  month  upon  a  uniform 
basis  of  comparison^  month  by  month,  so  that  the  relative  intensity 
of  each  disease  is  shown  for  each  month.  The  method  also  has  the 
advantage  of  eliminating  the  apparent  errors  of  computation  arising 
from  the  unequal  length  of  the  months. 

The  figares  may  be  read  as  follows :  for  example,  the  mean  daily  num- 
ber of  reported  cases  of  diphtheria  and  croup  in  January,  1896,  was  29.0 ; 
of  scariet-fever,  13.1 ;  of  typhoid  fever,  4.6 ;  and  of  measles,  11.2  (see 
columns  marked  A)  ;  and  the  mean  daily  number  of  the  same  diseases  for 
the  whole  year  1896  was,  respectively,  23.8,  10.4,  7.2  and  17.4.  Assum- 
ing a  standard  of  10  as  the  daily  mean  of  each  disease  for  the  year,  the 
ratios  for  January  were  as  follows :  diphtheria  and  croup,  12.4 ;  scarlet- 
fever,  12.6;  typhoid  fever,  6.4;  and  measles,  6.4  (see  columns  marked 
B).  That  is  to  say,  for  each  10  reported  cases  of  diphtheria  and  croup 
occurring  throughout  the  year,  as  a  daily  mean,  there  were  12.4  daily  in 
January,  11.3  in  February,  etc. 

The  following  table  presents  the  numbers  of  cases  of  each  disease 
reported  from  each  city  and  town  in  1896.  The  whole  number  of 
reporting  cities  and  towns  is  less  than  that  of  the  previous  year. 

Where  the  name  of  a  city  or  town  occurs  both  in  Section  II.  and 
in  Section  HI.  of  this  summary,  the  difference  in  numbers  may  be 
taken  as  the  deficiency  in  returns  made  by  the  local  board  to  the 
State  Board  of  Health. 


Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  One  Hun- 
dred and  Forty-four  Cities  and  Towns  during  1896. 


Adams,    . 
Amesbary, 
Amhent, . 
ArUngtoo, 
AtUeborougb, 
AnbarDf  • 
Avon, 
Ayer, 


« 


I 


> 

1 

•g. 

K 
H 


60 

9 

1 

84 

22 

4 

- 

1 

1 

1 

4 

- 

1 

15 

- 

- 

1 

- 

1 

- 

- 

2 

- 

- 

s 


2 
80 

8 

1 
8 


Barnstable, 
Barre, 
Bedford,  . 
Belobertown, 
Berlin, 
Bbybblt, 
Bolton,     . 
Boston,  . 


i 

i 

1 

§ 

s 

s 

1 

10 

1 

21 
4,028 


87 
1,227 


i 

£ 


8 

1 

1,081 


a 

0 
0 

1 

148 

2 

2,778 
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Cases  of  Infectious  Diseases,  etc.  —  Continued. 


1 

s 

1 

• 

1 

ft 

f 

il 

• 
• 

i 

£ 

s 

1 

BniDtree, 

- 

1 

- 

- 

Hull,         .       .       . 

- 

1 

- 

7 

Bridgewater,   . 

1 

28 

2 

- 

Huntington,     • 

1 

- 

- 

- 

Bbockton, 

02 

42 

20 

84 

Hyde  Park,      . 

2 

- 

- 

- 

Brookline, 

14 

28 

1 

40 

Ipswich,  . 

29 

- 

1 

8 

Caxbridob,    . 

462 

178 

200 

218 

Kingston, 

- 

19 

- 

2 

Ohelmsford,     • 

1 

7 

- 

109 

Lawbbbob,     . 

87 

40 

41 

11 

Chilbba, 

87 

87 

4 

29 

Leicester, 

- 

- 

- 

8 

Clinton,    • 

8 

28 

2 

104 

Leominster,     • 

4 

26 

2 

116 

Concord,  . 

8 

8 

- 

8 

Leverett,  . 

- 

1 

- 

- 

Cottage  City,  . 

2 

- 

1 

1 

Lexington, 

- 

- 

- 

7 

Danven,  . 

11 

16 

- 

10 

Lincoln,   . 

1 

1 

- 

- 

Dedbami  . 

10 

10 

4 

19 

Lowbll,  •       •       • 

100 

27 

137 

107 

Dudley,    . 

1 

- 

- 

- 

Ltnk,      .       .       • 

879 

188 

101 

226 

Dnzbary, 

- 

4 

- 

18 

Maldbn,  . 

94 

46 

86 

49 

Bafthampton,  . 

- 

6 

- 

- 

Manchester,     . 

- 

4 

- 

- 

Baat  Bridgewater,  . 

- 

4 

- 

- 

Marblehead,    • 

- 

- 

- 

82 

Eybritt, 

09 

9 

28 

210 

Mablbobougb, 

10 

8 

8 

60 

Fall  Ritbb,  . 

122 

186 

83 

187 

Marshfleld,      .       . 

1 

6 

- 

88 

Falmoath, 

- 

- 

- 

8 

Medfleld. .       .       . 

- 

0 

- 

20 

FrrcHBUBO,    . 

42 

64 

81 

80 

Mbdfobd, 

60 

14 

7 

186 

Fozborongh,    . 

- 

4 

2 

2 

Merrimao, 

1 

20 

- 

- 

Franklin, . 

1 

6 

- 

- 

Mlddleborough, 

2 

- 

- 

10 

GUI,  .       .       .       . 

- 

- 

- 

40 

Middleton, 

8 

8 

- 

1 

Gloucbstbb,  . 

98 

127 

42 

- 

Milford,   .       .       . 

18 

4 

- 

8 

Orafton,  . 

- 

1 

- 

- 

Millbnry, .       . 

2 

12 

1 

10 

Great  Barrington,  . 

- 

1 

- 

- 

Milton,     . 

10 

20 

- 

69 

Groveland,       . 

IS 

1 

1 

MonsoD,   . 

1 

4 

- 

12 

Hadley,    .       • 

4 

- 

12 

Needham, 

9 

8 

- 

1 

Hardwiek, 

3 

- 

- 

Nbw  Bbdfobd, 

08 

78 

74 

16 

Hingham,        •       . 

20 

1 

- 

4 

Nbwbubtpobt, 

28 

7 

4 

97 

Hintdale, . 

10 

- 

- 

NBWToir, . 

160 

88 

01 

191 

Haybbhill,    . 

89 

44 

106 

49 

NoBTH  Adams, 

34 

13 

2 

2 

HoUiaton, . 

- 

- 

- 

NOBTBAMPTON, 

40 

10 

17 

- 

Hopklnton,      .       . 

- 

- 

- 

North  Andover, 

4 

8 

2 

6 

Hudson,   . 

44 

2 

7 

Northborongh, 

8 

3 

- 

- 
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Caaet  of  Infectious  Diseases,  etc.  —  Concluded. 


^ 


1 


i 


Northbridge, 

•       • 

1 

1 

- 

- 

North  Brookfl«ld,  . 

1 

- 

- 

1 

Norwood, 

6 

16* 

- 

1 

Palmer,    . 

5 

8 

1 

2 

Peftbody, . 

e 

17 

1 

- 

Popperell, 

11 

7 

- 

8 

Petenham, 

- 

1 

- 

- 

Plymoaili, 

3 

86 

- 

12 

PiTTSFIXLD, 

04 

0 

1 

07 

QUINOT,    . 

103 

08 

25 

18 

Randolph, 

2 

2 

- 

- 

Beading,  . 

2 

4 

- 

2 

Bookport, 

3 

1 

- 

- 

Bowley,    . 

5 

2 

1 

2 

BoyalstOD, 

- 

1 

- 

- 

Balm,     . 

288 

180 

64 

- 

Sandlafleld, 

- 

* 

5 

- 

- 

Baagns,    . 

10 

0 

- 

2 

Soitnate,  . 

- 

4 

2 

2 

Seekonk,  . 

1 

8 

- 

- 

Sharon,    . 

2 

- 

- 

- 

Bherbom, 

2 

- 

- 

6 

Bhlrley,    . 

0 

2 

- 

2 

Bomerset, 

1 

- 

1 

- 

BomBYILUI,   , 

803 

141 

04 

21 

Boathboroagh, 

- 

1 

- 

1 

Bprinofibld,  . 

70 

82 

60 

28 

Bterllng,  . 

1 

*• 

- 

- 

Btoaghton, 

1 

1 

- 

2 

Blow, 

1 

- 

- 

- 

Swansea, . 

Swampacott, 

Taunton, 

Templeton, 

Townaend, 

Tmro, 

Upton, 

Uxbrldge, 

Walthak, 

Ware, 

Wareham, 

Warren,  • 

Watertown, 

Webater, . 

Weatborongh, , 

West  Brookfleld, 

Weatfield, 

Weatford, 

Weaton,   • 

Weymouth, 

Whitman, 

Williamstown, 

Wlnchendon, 

Winthrop, 

West  wood, 

WOBURN, 
WOROBSTSR, 

Wrentham, 
ToUls, 


•a 


80 


86 
2 

4 
21 


2 

2 

1 

27 

4 
0 
0 

78 

817 

1 


8,616 


> 

i 


6 
22 


16 

28 
2 

4 
10 
22 

3 
1 

24 
4 

40 
7 
2 
2 
2 
1 

22 
204 


8301 


1 


46 


48 


1 

1 


2 
1 


2 

6 


7 
06 


2,687 


8 
I 


17 
80 

1 
8 
1 
47 
0 


4 

7 

48 

1 


10 
101 

4T 

08 

1 

40 

38 

848 


0,3«2 


The  following  list  comprises  the  cities  and  towns  which  failed  to 
report  (under  the  provisions  of  the  statute)  to  the  State  Board  of 
Health.  It  is  but  just  to  state  that  in  many  of  the  towns  named  in 
group  IV.  and  in  some  of  those  in  group  HI.  it  is  quite  probable 
that  no  cases  of  infectious  disease  occurred. 
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List  or  Towns  from  which  no  Reports  were  received. 


J.    OUies. 

Chicopbb,  Holyoke. 

IL    Towns  having  a  Population  of  More  than  6^000  in  Each, 


Andover, 

Athol, 

Blackstone, 

Framingham, 

Gardner, 

Greenfield, 

Melrose, 

Methuen, 


Montague, 

Natick, 

North  Attleborough, 

Orange, 

Palmer, 

Plymouth, 

Revere, 

Rockland, 


Southbridge, 
Spencer, 
Stoneham, 
Wakefield, 
West  Springfield, 
Winchester.  —  22. 


Ill,    Towns  having  a  Population  of  Over  1,000  but  Less  than  5,000  in  Each. 


Abington, 

Acton, 

Acushnet, 

Agawam, 

Ashbumfaam, 

Ashfield, 

Ashland, 

Bellingham, 

Belmont, 

Billerica, 

Bourne, 

Bradford, 

Brookfield, 

Buckland, 

Canton, 

Carver, 

Charlemont, 

Charlton, 

Chatham, 

Cheshire, 

Chester, 

Clarksburg, 

Cohasset, 

Colrain, 

Conway, 

Dal  ton, 

Dartmouth, 

Deerfield, 

Dighton, 

Douglas, 

Dracut, 

East  Longmeadow, 

Easton, 

Edgartown, 

Essex, 

Fairhaven, 


Freetown, 

Georgetown, 

Granville, 

Groton, 

Hamilton, 

Hanover, 

Hanson, 

Harvard, 

Harwich, 

Hatfield, 

Holbrook, 

Holden, 

Hopedale, 

Hubbardston, 

Lancaster, 

Lee, 

Lenox, 

Littleton, 

Ludlow, 

Lunenburg, 

Mansfield, 

Mattapoisett, 

Maynard, 

Medway, 

Millis, 

Nantucket, 

Newbury, 

New  Marlborough, 

Northfield, 

Norton, 

Norwell, 

Orleans, 

Oxford, 

Pembroke, 

Provincetown, 

Raynham, 


Rehoboth, 

Rochester, 

Salisbury, 

Sandwich, 

Scituate, 

Sheffield, 

Shelbume, 

Shirley, 

Shrewsbury, 

Southampton, 

South  Hadley, 

Stockbridge, 

Sturbridge, 

Sudbury, 

Sutton, 

Tewksbury, 

Tisbury, 

Topsfield, 

Upton, 

Uxbridge, 

Walpole, 

Warren, 

Wayland, 

Wellesley, 

West  Boylston, 

West  Bndgewater, 

Westminster, 

West  Newbury, 

West  Stockbridge, 

Westport, 

Wilbraham, 

Williamsburg, 

Wilmington, 

Yarmouth.  — 106. 
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List  of  Towns  from  which  no  Reports  were  received — Concluded. 


IV.    Totons  having  Less  than  1,000  Inhabitants. 


Alford, 

Ashby, 

Becket, 

Berkley, 

Bemardston, 

Blandford, 

Boxborough, 

Boxford, 

Boylston, 

Brewster, 

Brimfield, 

Burlington, 

Carlisle, 

Chesterfield, 

Chilmark, 

Cummington, 

Dana, 

Dover, 

Dunstable, 

Eastham, 

Egremont, 

Enfield, 

Ervinff, 

Florida, 

Gay  Head, 

Goshen, 

Grosnold, 

Granby, 

Greenwich, 


Halifax, 

Hampden, 

Hancock, 

Hawley, 

Heath, 

Holland, 

Lakeville, 

Lanesborough, 

Leyden, 

Longmeadow, 

Lynnfield, 

Marion, 

Mashpee, 

Mendon, 

Middlefield, 

Monroe, 

Monterey, 

Montgomery, 

Mount  Washington, 

Nahant, 

New  Ashford, 

New  Brain  tree, 

New  Salem, 

Norfolk, 

North  Reading, 

Oakham, 

Otis, 

Paxton, 

Pelham, 


Peru, 

Phillipston, 

Plainfield, 

Plympton, 

Prescott, 

Princeton, 

Richmond, 

Rowe, 

Russell, 

Rutland, 

Savoy, 

Shutesbury, 

Southwick, 

Sunderland, 

Tolland, 

Tyngsborough, 

Tyringham, 

Wales, 

Warwick, 

Washington, 

Wellfleet, 

Wendell, 

Wenham, 

Westhampton, 

West  Tisbury, 

Whately, 

Windsor, 

Worthington.  —  86. 


The  Board  will  forward  to  the  local  board  of  health  of  any  place 
the  postal  cards  necessary  for  reporting,  on  application  from  sach 
local  board  of  health. 
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IV, 

Official  Returns  of  Deaths  in  Cities  and  Large  Tovms  (Chapter  21 8  y 

Acts  of  1894). 

The  following  summary  comprises  the  results  obtained  from  the 
tabulation  of  the  returns  required  by  chapter  218  of  the  Acts  of 
1894,  whereby  the  board  of  health  of  each  city  and  populous  town 
is  directed  to  send  to  the  State  Board  of  Health  an  annual  state- 
ment of  the  deaths  in  such  city  or  town  upon  a  blank  form  fur- 
nished by  the  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 
85,  of  which  number  all  except  the  town  of  Montague  complied 
with  the  statute.  The  total  population  of  these  85  cities  and  towns 
by  the  census  of  1895  was  2,034,658. 

In  consequence  of  the  failure  of  Montague  to  send  a  return,  as 
required  by  statute,  the  figures  for  that  town  have  been  copied  from 
the  published  report  of  the  town  clerk  for  the  year  1896. 

The  death-rates  of  these  towns  in  the  following  summary  for  the 
year  1896  are  calculated  upon  an  estimated  population,  such  esti- 
mate being  based  upon  the  rate  of  growth  from  1890  to  1895,  as 
taken  from  the  census  returns. 

This  estimate  would  add  one  more  town  to  the  list  for  1896 
( Williamstown) ,  and  the  returns  of  this  town  are  included  in  the 
summary,  although  not  required  by  the  statute,  making  the  total 
number  of  towns  included  in  the  summary  86. 

The  estimated  population  of  these  86  towns  in  1896  was  2,093,820, 
or  about  80  per  cent,  of  the  total  population  of  the  State. 

The  whole  number  of  deaths  registered  in  these  towns  in  1896 
was  40,400,  and  the  death-rate  calculated  upon  the  foregoing  esti- 
mated population  was  19.29  per  1,000  living.  This  rate  was  slightly 
higher  than  that  of  1895. 

Sexes.  — The  number  of  deaths  of  males  was  20,530,  or  50.9  per 
cent,  of  the  whole  number  of  deaths ;  and  the  deaths  of  females 
were  19,834,  or  49.1  per  cent,  of  those  whose  sex  was  known. 
There  were  36  in  which  the  sex  was  not  stated  in  the  returns. 

Ages. — The  deaths  shown  by  four  groups  of  ages,  as  recom- 
mended by  KOrosi,  were  as  follows :  — 
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A0B8. 

Deaths. 
1896. 

PEaOEHTAOKS  OF 

All  Deaths. 

AOKS. 

Deaths. 
1896. 

psscbvtaoks  of 
All  Dbatus- 

1896. 

1895. 

1896. 

1895. 

Under  1  year, 
1-20,      . 

10,073 
7,169 

24.97 
17.76 

22.9 
17.9 

20-60,     . 
60  and  over, . 

10,074 
18,031 

24.97 
82.81 

26.7 
33.6 

The  deaths  of  infants  under  one  were  10,073,  or  24.97  per  cent, 
of  the  total  mortality,  and  those  of  children  under  five  years  were 
14,475,  or  35.88  per  cent,  of  the  total  mortality.  The  number  of 
deaths  of  infants  under  one  year  and  that  of  persons  between  the 
ages  of  twenty  and  fifty  years  were  nearly  identical. 

All  of  the  percentages  in  this  table  are  estimated  upon  the  number 
of  deaths  of  persons  whose  ages  were  specified  in  the  returns.  The 
total  number  of  deaths  in  which  the  age  was  not  specified  was  63. 

Months  and  Quarters.  —  The  number  of  deaths  in  each  quarter  of 
the  year  is  shown  in  the  following  table :  — 


Deaths. 
1896. 

Pbbokntagis. 

Deaths. 
1896. 

Pbeobbtaobs. 

1896. 

1895. 

1896. 

1895. 

First  quarter, 
Second  quarter,  . 

9,624 

9.682 

12,300 

23.68 
23.97 
80.60 

26.9 
22.7 
27.4 

Fourth  quarter,   . 

Date  unknown,    . 

Total,    . 

8,820 
6 

21.86 

23.0 

Third  quarter,     . 

40,400 

100.00 

100.0 

The  intensity  of  the  seasonal  death-rate  is  shown  in  the  following 
table,  the  method  employed  being  explained  on  page  846,  in  Section 
in.,  relating  to  disease  notification. 

Seasonal  Intensity  of  the  Deaihrrate. 


Mean  Daily 

Deaths 
per  Month. 

1896. 

Mban  Ratb 

ooupabbd  with  a 

8tahdabd  op  100. 

Mean  Daily ' 

Deaths 
per  Month. 

1896. 

Mbam  Ratb 
oompabbd  with  a 

STAITOABD  OP  100. 

1896. 

1895. 

1896.         1895. 

January,    . 
February, . 
March, 

AprU,        .       . 
May,  .       .       . 

100.29 
106.07 
107.71 
114.27 
106.28    ' 
98.70 
147.10 

00.84 
06.08 
97.66 

108.61 
96.22 
89.40 

183.24 

06.2 

120.8 

111.7 

101.8 

89.9 

80.9 

98.2 

August, 
September, . 
October, 
November, . 
December,  .       . 
Annual  mean, 

148.04 

111.37 

97.10 

00.78 

90.81 

130.88 

100.79 

88.08 

82.18 

00.41 

122.0 

106.8 

01.7 

01.6 

OM 

June, . 
July,  . 

110.40 

100.00 

100.0 
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Causes  of  Death.  —  The  list  of  causes  of  death  embraced  io  the 
summary  includes  those  from  the  principal  infectious  diseases,  in- 
cluding consumption,  together  with  certain  other  groups  of  destruc- 
tive diseases  and  those  from  violence. 

The  ratio  of  deaths  to  the  living  population  is  also  presented, 
since  this  method  of  presentation  constitutes  a  better  method  of 
indicating  the  incidence  of  each  cause  of  death  upon  the  living 
population  than  the  ratio  of  the  deaths  from  each  disease  or  cause 
of  death  to  the  total  mortality. 


Table  I. 


RBFOHTnCO  CiTISS  AND  TOWN8. 


Adams, 
Amesbary, 
Andover,    . 
Arlington, . 
Athol. 

Attleborough,  . 
Bbterlt,  . 
Blaokstone, 
Boston,  . 
Braintree,  . 
Brockton, 
Brookline, . 
Oambrwob, 
Ohelsba,  . 
Chicopbb, 
CllntoD,  . 
Concord,  . 
Danvers,  . 
Dedbam,  . 
Btbrbtt,  . 
Fall  Ritbb,     . 

PiTCUBURO, 

Framingbam,     . 
Franklin,   . 
Gardner,    . 
Olouobster,    . 
Orafton,     . 
Greenfield, 
Hatbrhill, 

HOLTOKB,  . 

Hadson, 
Hyde  Park, 
Lawrbncb, 
Leominster, 
Lowell,    . 
Ltnn, 
Maldbn,   . 
Marblebead, 
Marlborough, 

IfBDrORD, 

Melrose,     . 
Metbaen,    . 
Middleborongb, 
Mllford,     . 


Estimated 
Population, 

1896. 


7,561 
10»028 
6,146 
6,602 
7,678 
8,480 
12.008 
6,019 
507,210 
5,403 
84,488 
16,976 
84,188 
81,982 
16,894 
11,711 
5,324 
8,826 
7.228 
20,599 
92,600 
27.882 
9.566 
5,197 
9,833 
28.982 
5,120 
6,424 
80,802 
41,831 
5,435 
12,152 
58,811 
9,599 
85,768 
63,771 
81,261 
7,564 
15,211 
15,153 
12,654 
5.865 
6.818 
8,994 


Estimated 
Popnlation, 

1896. 


Mlllbnry,   . 

Milton, 

Montagne,*        .       , 

NaUok, 

Nbw  Bedford, 

Newbttrtport, 

Newton,   . 

North  Adams, 

Northampton, 

Nortb  Attleborougb, 

Nortbbridge,     . 

Orange, 

Palmer,      .       .       . 

Peabody,    . 

P1TT8FIBLD, 

Plymoutb, . 

Qui  NOT,     . 

Revere, 

Rockland,  . 

Rock  port,  . 

Salem, 

sombrville,     . 

Soutbbridge, 

Spencer,     . 

SPRINOriBLD,    . 

Stonebam, . 

Stoagbton, 

Taunton,  . 

Wakefield, 

Waltham, 

Ware, 

Watertown, 

Webster,    . 

Westborougb,   . 

Westfield,  . 

West  Springfield,     . 

Weymontb, 

Whitman,  . 

Williamstown,  . 

Winchester, 

WOBURN,   . 

Worcester,     . 
Toul,  . 


5,880 

6.766 

6,010 

8,758 

58,724 

14,673 

28.381 

19.747 

17.097 

6.545 

5,422 

5.519 

6,926 

10,576 

21,164 

8,085 

21,617 

7,774 

5,585 

5,529 

85,258 

65.018 

8.869 

7.888 

53.181 

6,800 

5,866 

27,461 

8,568 

21,889 

7,716 

7,981 

7,952 

5,248 

10,884 

6,334 

11,376 

6,004 

5.020 

6,407 

14,813 

101,860 


2,098,820 


*  Montagne,  no  returns;  data  compiled  from  town  report. 
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GAU8E8  or  DSATH. 

Deatha. 

Dbathi  pbb  10,000 

or  THB  POPULATIOH. 

CAU8B8  or  DXATH. 

Deaths. 

Dbaths  paa  104)00 

or  THa  POPULATIOK. 

1896. 

1895. 

189«. 

189S. 

Oonmimption,  . 

4,818 

20.60 

21.20 

Dysentery,        • 

800 

1.48 

0.80 

ICeatlM,    . 
Searlet-feyer,    . 

110 
222 

0.58 
1.06 

0.40 
2.10 

Diarrhoea  and  cholera 

morbas. 
Pneamonia, 

517 
8,718 

2.47 
17.76 

2.08 

17.60 

Diphtheria  and  eronp. 

1,507 

7.20 

7.80 

Bronohitia, 

1,265 

6.04 

•.IS 

Whooping-coagh,    . 

211 

1.01 

1.04 

Diseaaet  of  the  heart. 

8,218 

15.35 

15.40 

Typhoid  fever, 

Oerebro-spinal  meD- 

iogitis. 
Bryalpelafl, 

579 
822 
100 

2.77 
1.54 
0.52 

2.60 
1.80 
0.55 

Diaeasea  of  the  brain 
and  apinal  cord. 

Diaeaaea  of  the  kid- 
ney a. 

Cancer, 

2,508 
1,480 
1,282 

12.41 
6.87 
6.13 

13.80 

e.M 

4.47 

Puerperal  ferer,       . 

77 

0.87 

0.41 

Suicide,     . 

222 

1.06 

1.06 

Inflaenza, . 

108 

0.52 

1.70 

Accident,  . 

1,189 

5.68 

5.80 

Malarial  fever, . 
Cholera  infantam,   . 

58 
2,768 

0.28 
13.22 

0.26 
10.70 

Unknown  or   ill-de- 
fined  canaea. 

660 

8.15 

2.88 

The  population  upon  which  the  foregoing  death-rates  are  calcu- 
lated is  estimated  for  1896  by  the  usual  rule,  from  the  rate  of  increase 
in  the  foregoing  five-year  period  (1890-95). 
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HEAXiTH  OF  TOWNS. 


Adams. 

Diphtheria  seemed  to  show  itself  in  an  epidemic  form  through  the  months 
of  September,  October  and  November,  and  was  reported  from  various 
localities  in  the  town,  while  every  effort  on  the  part  of  the  board  was  made 
to  prevent  the  spread  of  the  disease.  Antitoxin  as  a  treatment  was  used 
in  many  cases  with  very  favorable  results.  Scarlet-fever  was  a  very  rare 
disease  for  the  year,  there  being  only  two  cases  reported.  The  mortality 
was  marked  by  consumption,  cholera  infantum,  pneumonia  and  diphtheria, 
and  exceeds  that  of  last  year,  other  diseases  included,  by  forty  deaths. 

Amesbury. 

The  number  of  complaints  of  nuisance  has  not  been  large,  and  we  believe 
each  one  was  promptly  attended  to. 

We  have  been  exceedingly  fortunate  in  having  only  two  deaths  from 
contagious  diseases  this  year,  as  compared  with  fourteen  in  1895. 

The  past  year  we  have  kept  a  supply  of  antitoxin  on  hand,  and  it  has 
been  furnished  the  physicians  as  they  needed  to  use  it.  The  experience  of 
most  of  our  physicians  is  that  antitoxin  is  by  far  the  most  valuable  agent 
we  have  at  present  for  the  cure  of  diphtheria.  Sometimes  one  injection  is 
suflScient ;  at  other  times  two  or  even  three  are  used  at  intervals  of  twelve 
to  twenty-four  hours,  using  from  seven  to  ten  cubic  centimeters  for  a  dose. 
The  membrane  seems  to  soften  and  grow  thin,  the  fever  and  pulse  rapidly 
assume  the  normal  condition  and  convalescence  is  rapidly  established. 

Arlington. 

This  year,  like  the  last  one,  has  been  free  from  cause  for  alarm  from  any 
epidemic  of  dangerous  or  contagious  diseases. 

Among  occurrences  of  the  year  now  closing,  in  a  sanitary  point  of  view, 
of  greatest  importance  is  the  rapid  progress  which  has  been  made  in  the 
construction  of  our  public  sewers  and  connection  of  same  with  the  metro* 
politan  system,  which  now  serves  a  large  portion  of  our  town. 

Spy  Pond  has  always  been  notable  in  the  history  of  our  town,  and  of 
great  interest  to  our  citizens  for  purposes  of  recreation  and  the  commercial 
value  of  its  product  of  ice.  Of  late  years  the  problem  of  how  to  purify 
its  waters  has  engaged  the  attention  of  citizens  and  local  organizations. 
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Athol. 

There  has  been  a  disposition  among  some  property-holders  not  to  comply 
with  the  laws,  but  on  the  whole  there  has  been  a  general  spirit  of  co-opera- 
tion manifested  by  the  citizens  in  the  work  of  the  board.  Understanding 
the  effects  of  the  hard  times  the  board  has  modified  its  requirements  regard- 
ing certain  by-laws,  and  endeavored  to  be  as  lenient  with  the  property- 
holders  as  the  health  and  safety  of  the  public  would  allow. 

Although  a  system  of  sewerage  extends  through  most  of  the  streets  of 
the  town,  there  seems  to  be  a  disposition  among  some  of  the  property- 
holders  not  to  utilize  it  and  connect  their  premises  with  the  sewers.  The 
number  of  sewer  connections  ordered  has  been  fifty. 

There  have  been  issued  one  hundred  and  twelve  permits  for  plumbing. 

Attleborouqh  . 

It  is  interesting  to  note  that  the  antitoxic  serum  for  the  treatment  of 
diphtheria  was  first  used  during  the  year,  and  that  in  the  two  fatal  cases  it 
was  not  employed,  the  physicians  in  each  case  being  called  too  late. 

Next  to  pneumonia,  the  disease  causing  the  largest  number  of  deatha  is 
consumption. 

Belmont. 

During  the  year  there  has  been  no  serious  epidemic  of  contagious  disease. 
A  mild  epidemic  of  measles  in  the  spring  necessitated  the  closing  of  one  of 
the  schools,  but  no  deaths  have  occurred  in  the  past  year  from  any  con- 
tagions disease. 

Boston. 

The  total  number  of  deaths  for  the  year  was  11,634,  an  increase  over  the 
previous  year  of  305  deaths.  The  death-rate  for  the  year  was  22.53  per 
1,000  inhabitants.  This  rate  is  less  by  .07  than  that  of  the  previous  year, 
and  the  lowest  since  1884.  There  were  1,985  deaths  from  zymotic  diseases, 
an  increase  of  17  deaths  over  the  same  group  of  the  previous  year.  There 
were  72  less  deaths  from  diphtheria  than  in  1895,  although  the  number  of 
cases  of  diphtheria  reported  was  largely  increased  on  account  of  the  larger 
number  discovered  among  the  pupils  in  the  public  schools  by  the  medical 
inspectors  of  schools,  and  the  bacteriological  tests  in  the  otherwise  unrec- 
ognized cases.  The  ratio  of  deaths  to  the  number  of  cases  of  diphtheria 
reported  was  11.49  per  cent.,  as  against  14.48  per  cent,  the  preceding  year. 
There  were  121  deaths  from  scarlatina,  7  more  deaths  than  in  the  preced- 
ing year,  and  72  less  than  the  average  of  the  five  previous  years.  Typhoid 
fever  caused  162  deaths  during  the  year.  There  were  19  deaths  from 
measles  during  the  year.  The  number  of  deaths  of  children  under  five 
years  of  age  was  4,055,  compared  with  3,935  for  the  previous  year,  show- 
ing an  increase  of  120  deaths. 
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The  medical  inspection  of  schools  has  been  continued  daring  the  past 
year,  with  the  same  encooraging  and  satisfactory  results  as  daring  the 
previoas  fourteen  months.  All  pupils  who  have  copipli^ined.or  appeared  to 
their  teachers  to  be  ill  have  been  examined  by  the  visiting  physicians,  and 
the  teachers  advised  as  to  what  should  be  done  with  such  pupils.  The 
teachers  and  visiting  physicians  have  entered  upon  and  pursued  this  work 
with  surprising  harmony.  The  search  for  infectious  diseases  in  the  schools 
during  the  last  year  has  been  even  greater,  while  the  number  of  cases  in  this 
class  found  in  1896  is  less  than  that  of  1895.  The  same  is  true  also  Of  the 
other  miscellaneous  diseases.  Considerable  inquiry  has  been  made  by 
officials  of  other  cities  as  to  our  methods  and  results  in  this  work,  and  sev- 
eral cities,  including  New  York,  are  now  preparing  to  adopt  a  similar  sys- 
tem of  inspection  in  their  schools. 

For  the  year  ending  Dec.  31,  1896,  the  whole  number  of  pupils  examined 
was  8,964,  and  of  this  number  1,156  were  found  to  be  too  ill  to  remain  in 
school.    The  diseases  found  may  be  classified  as  follows :  — 

Specific  infectious  diseases, 267 

Oral  and  respiratory  diseases, •  8,984 

Ear  diseases, 66 

£je  diseases, 882 

Skin  diseases, 628 

Miscellaneous  diseases, 8,687 

Total  number  of  examinations,         ......    8,964 

Much  work  is  reported  by  the  board  as  having  been  accomplished  during 
the  year  in  the  line  of  school-house  sanitation,  improvement  of  the  condi- 
tion of  exposed  tide-water  flats  near  the  city,  and  house-to-house  inspection. 

Number  of  houses  ordered  to  be  vacated,  121.  Many  of  them  were 
afterward  put  in  good  condition  and  were  allowed  to  be  occupied. 

Disinfection  in  infectious  diseases,  total  number,       .        •        .  6,229 

Rooms  disinfected, 9,967 

Sulphur  used  (pounds), 44,848 

Nuisances  abated  by  disinfection, 41,686 

The  steam  disinfecting  apparatus  at  Swett  Street  has  been  in  constant 
use  throughout  the  year. 

The  board  proposes  to  supersede  the  old  method  of  room  disinfection  by 
sulphur,  and  to  employ  formaldehyde  gas  in  its  place. 

The  board  renews  its  recommendation  for  the  provision  of  improved 
means  for  disposing  of  garbage  and  offal. 

The  total  number  of  baths  taken  at  the  different  public  sea-water  bath- 
houses in  1896  was  as  follows :  — 
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Men  and  boys,    •       • 611,894 

Women  and  girls, 189,341 

Total, 801,285 

The  board  reports  folly  upon  the  following  topics :  licensing  of  plumbers 
and  undertakers,  issue  of  burial  permits,  approval  of  lodging-houses,  pay- 
ing of  courts  and  alleys,  removal  of  night-soil,  assignment  of  offensive 
trade  locations,  inspection  of  lying-in  hospitals,  and  bakeries. 

Bbookfibld. 

The  general  health  of  the  community  has  been  excellent,  and  no  death 
has  occurred  from  scarlet-fever,  diphtheria  or  typhoid  fever,  and,  in  fact, 
these  diseases  have  not  appeared  in  town,  except  three  isolated  cases  of 
typhoid  fever,  with  one  exception  probably  contracted  outside  of  the  town. 

Brooexinb. 

Thorough  disinfection  after  scarlet-fever  and  diphtheria  has  been  done 
by  the  board  after  the  recovery  or  death  of  the  patient,  but  it  has  not  re- 
turned to  the  use  of  sulphur  fumes  for  disinfection,  except  when  specially 
requested,  when  it  is  used  in  conjunction  with  more  reliable  means. 

Intermittent  fever  (malaria)  has  continued  to  be  somewhat  prevalent  in 
Brookline,  as  well  as  in  all  the  adjoining  municipalities.  Under  the  provi- 
sions of  chapter  80  of  the  Public  Statutes  the  board  of  last  year  ordered 
the  abatement  of  a  nuisance  consisting  of  wet  and  boggy  lands  lying  be- 
tween Woodland  Road  and  Heath  Street.  This  order  has  been  complied 
with,  under  supervision  of  the  town  engineer. 

The  board  of  health  hospital  buildings  for  diphtheria  and  scarlet-fever 
have  been  in  use  much  of  the  timo^  and  by  providing  a  suitable  place  for 
the  isolation  and  care  of  the  first  cases  occurring  in  tenements  and  other 
crowded  dwellings,  have  doubtless  done  much  to  prevent  these  dangerous 
but  more  or  less  preventable  diseases  from  becoming  epidemic,  and  at  the 
same  time  have  enabled  many  children  to  continue  in  school  who  otherwise, 
though  well,  must  have  remained  out  for  many  weeks. 

The  number  of  cases  of  typhoid  fever  was  larger  than  usual,  but  all 
were  of  a  rather  mild  type,  and  some  of  them  were  imported  from  Florida 
and  elsewhere. 

The  ice  supplied  the  citizens  was  inspected  from  time  to  time,  and  speci- 
mens subjected  to  bacteriological  examination  were  found  free  from  disease 
germs. 

The  need  of  improved  public  bathing  facilities,  recommended  in  previous 
reports  of  this  board  as  an  important  health  measure,  has  been  recognized 
by  the  town,  and  the  little  swimming  tank  in  the  Village  Brook  has  been 
succeeded  by  a  new  public  bath,  located  in  the  centre  of  population,  and 
in  every  respect  worthy  of  the  town. 
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Cambridge. 

Number  of  inspections  made, 3,941 

Number  of  subsequent  inspections, 4,329 

Total 8,270 

The  need  of  hospital  accommodation  for  cases  of  infectious  diseases  dan- 
gerous to  the  public  health  is  still  as  pressing  as  ever,  and  the  attainment 
of  this  accommodation  is  £ipparently  as  remote.  Cambridge  has  yet  to 
learn  that  money  can  be  expended  in  no  better  way  than  in  providing 
means  for  the  isolation  of  cases  of  diseases  that  imperil  the  public  health 
by  their  infectious  nature. 

We  have  in  our  previous  reports  shown  the  necessity  for  the  work  of  a 
bacteriologist,  and  this  portion  of  our  work  is  now,  we  hope,  established 
on  a  somewhat  permanent  basis. 

Medical  Inspection  of  Schools.  —  The  city  was  divided  into  six  school 
districts,  the  number  of  schools  in  a  district  varying  from  five  to  seven, 
depending  on  the  distance  to  be  covered  by  the  inspector  in  his  daily  round 
and  upon  the  number  of  scholars  in  the  schools  visited. 

The  following  instructions,  a  copy  of  which  was  sent  to  each  inspector, 
indicate  the  lines  upon  which  the  inspections  are  conducted :  — 

1.  The  physician  is  to  examine  only  such  children  as  are  indicated  to  him  by 
the  teacher  as  having  complained,  or  as  appearing  to  be  suffering  from  disease. 

2.  The  physician  is  to  recommend  to  the  principal  to  send  home  immediately 
any  child  whom  he  may  suspect  of  haying  any  infectious  disease. 

3.  The  physician  must  not  recommend  the  employment  of  any  special  physi- 
cian or  mode  of  treatment  for  the  particular  case. 

4.  In  case  of  near-sightedness  or  other  trouble  with  the  eyes,  or  deafness  or 
other  ear  trouble,  to  which  attention  has  been  directed  by  the  teacher,  the  physi- 
cian is  instructed  to  suggest  that  the  principal  recommend  to  the  parents  that  the 
eyes  or  ears  of  the  pupil  be  examined. 

The  report  of  the  inspector  of  ice  for  1896  indicates  that  in  several 
instances  the  danger  from  past  or  present  pollution  of  the  supply  is  so 
great  as  to  render  it  necessary  to  prohibit  the  sale  in  this  city  for  domestic 
use  of  ice  which  is  derived  from  such  impure  sources.  The  following  are 
strong  instances  of  such  impure  sources  of  supply :  — 

"  Horn  Pond,  Woburn,  Mass, 

**  The  northern  shore  of  this  pond  is  thickly  settled.  A  small  brook  flows  into 
the  upper  end,  which  brook  also  flows  through  a  part  of  the  town  and  receives 
the  drainage  from  a  number  of  barn-yards.  The  danger  of  contamination  of  the 
water  from  the  large  population  settled  on  the  water-shed  is  so  great  as  to  make 
it  an  unsafe  one  to  use  for  an  ice  supply. 


874  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

**  A  considerable  excess  of  chlorine  abore  that  which  is  the  normal  of  the  region 
indicates  a  past  or  present  pollution  of  the  water.  The  normal  chlorine  of  this 
region  is,  according  to  the  State  Board  of  Health,  0.30  per  100,000  parts.  The 
report  of  the  inspector  shows  that  the  chlorine  in  the  water  of  this  pond  is 
1.40  per  100,000,  and  his  personal  inspection  is,  we  think,  conclusive  that  the 
excess  cannot  be  attributed  to  a  source  of  pollution  that  has  ceased  to  exist.^ 

**  Ldke  Quanapowit,  Wakefield,  Mass. 

*'  The  town  of  Wakefield  borders  on  one  end  and  side,  a  cemetery  on  part  of  the 
other  side.  The  water-shed  of  this  pond  supports  far  too  large  a  population  to 
make  the  pond  a  suitable  one  from  which  to  cut  ice  for  domestic  use.  Chlorine, 
1 .  36  per  100,000.    Normal  chlorine  of  this  region,  0 .  88." 

"  Spy  Pond,  Arlington,  Mass, 

"  The  northern  shore  is  high  and  entirely  taken  up  with  dwelling-houses.  Two 
drains,  appai'ently  for  surface  water  only,  were  seen  emptying  into  the  pond  on 
this  shore.  The  other  banks  are,  with  the  exception  of  a  grove  on  the  southern 
shore,  taken  up  with  market  gardens  and  with  numerous  houses  close  to  the 
water.  The  danger  of  contamination  is  considerable,  especially  from  drainage 
from  the  market  gardens,  on  which  large  quantities  of  manure  are  used,  much  of 
it,  I  am  informed,  consisting  of  night-soil.  Chlorine,  2.50  per  100,000.  Normal 
chlorine  of  this  region,  0.40." 

"  Smith's  or  Little  Pond,  Belmont,  Mass. 

"  Two  brooks  flow  into  it ;  one  draining  Spy  Pond,  the  other  draining  the  low 
land  between  Belmont  and  Arlington,  which  is  largely  given  up  to  market  gar- 
dens. The  pond  empties  through  Little  River  into  Alewife  Brook.  Two  colonies 
of  bacillus  colt  communis  developed  during  the  examination  of  the  water,  which 
is  strong  evidence  of  sewage  contamination.  Chlorine,  9.10  per  100,000.  Nor- 
mal chlorine  of  this  region,  0.40." 

"  Sandy  Point,  Ayer,  Mass. 

"  There  are  a  few  houses  at  the  lower  end,  and  on  one  bank  is  an  apparently 
but  little  used  picnic  ground  with  a  privy  about  ten  or  twelve  feet  from  the  shore. 
Chlorine,  0.40  per  100,000.    Normal  chlorine  of  this  region,  0. 15." 

"  Waushakum  Lake,  South  Framingham,  Mass. 

"There  are  several  picnic  houses  around  the  shore, .and  quite  a  large  picnic 
grove  on  one  side.  A  small  dwelling-house  is  close  to  the  shore  near  the  ice- 
houses.   Chlorine,  0.50  per  100,000.    Normal  chlorine  of  this  region,  0.23." 

The  above  quotations  from  the  report  of  the  inspector  of  ice,  showing 
clearly  as  they  do  the  pollution  of  many  of  the  sourcea  of  ice  supply,  afford 
the  amplest  confirmation  of  the  position  taken  by  the  board  in  its  recom- 
mendation above  referred  to,  as  to  the  necessity  for  making  such  inspec- 
tion of  those  sources  of  supply. 


No.  34.]  HEALTH  OF  TOWNS.  875 

In  accordance  with]^the  provisions  of  chapter  418  of  the  Acts  of  1896, 
the  various  bakeries  in  this  city  have  been  inspected,  and  a  printed  copy 
of  the  act  posted  in  each  bakery  and  place  in  which  the  business  mentioned 
in  said  act  is  carried  on. 

Chioopbe. 

Since  September  1  there  has  been  a  marked  increase  in  the  number  of 
cases  of  diphtheria  and  croup,  thirty-five  being  reported  for  November  and 
the  same  number  for  December.  In  some  instances  the  quarantine  was 
disregarded,  and  it  is  quite  evident  that  some  of  this  sickness  might  have 
been  prevented  had  it  been  properly  respected  ;  it  is,  therefore,  imperative 
that  rigid  measures  should  be  taken  to  enforce  its  observance.  Antitoxin 
treatment  in  a  number  of  cases  has  met  with  very  satisfactory  results. 

No  provision  has  yet  been  made  by  the  city  authorities  for  the  removal 
of  garbage  and  other  refuse,  which  is  a  constant  menace  to  the  public 
health.  During  the  winter  season  it  accumulates  in  frozen  masses,  while 
each  day  fresh  and  liberal  additions  are  made,  particularly  in  the  thicker 
settled  sections,  until  the  spring  arrives  and  the  health  officer  again  ap- 
pears to  assume  the  duties  of  the  coming  season.  The  introduction  of 
some  system  that  would  be  thorough  and  effective  is  the  only  way  to  over- 
come this  monstrous  form  of  filth. 

Clinton. 

With  reference  to  diphtheria  the  board  feel  that  what  was  recommended 

last  year  voices  substantially  their  position  this  year  in  the  matter,  t.  e., 

that  the  use  of  antitoxin  is  of  undoubted  merit,  and  should  be  begun  early 

in  the  disease. 

Concord. 

We  have  endeavored  to  procure  the  passage  of  a  bill  in  the  present  Leg- 
islature permitting  the  board  to  inspect  the  houses  owned  by  the  State  and 
occupied  by  the  officers  of  the  Massachusetts  Reformatory  in  this  town. 
As  the  result  of  a  hearing  we  were  given  leave  to  withdraw,  and  the  case 
now  stands  as  before  we  acted.  We  have  no  rights  in  any  of  the  above 
houses,  either  to  inspect  or  to  investigate  upon  the  occurrence  of  any  con- 
tagious disease,  to  quarantine  or  to  fumigate. 

The  matter  of  more  thorough  sanitation  in  barns  where  cows  are  kept  is 
receiving  considerable  attention  all  over  the  State,  in  view  of  the  well- 
known  intimate  connection  between  tuberculosis  in  cattle  and  poor  ventila- 
tion of  barns.  We  feel,  therefore,  that  this  matter  should  be  attended  to 
the  coming  year.  Its  importance  is  clearly  manifest  through  a  communica- 
tion from  the  city  of  Cambridge  inquiring  about  the  general  sanitary  con- 
dition of  some  fifty  farms  in  this  town  where  milk  is  produced  and  sold  to 
dealers  in  Cambridge.  The  questions  are  very  searching,  as  they  have 
traced  the  two  epidemics  of  typhoid  fever  occurring  last  summer  and  fall 
to  the  carelessness  of  the  milk  peddler  in  handling  the  cans.    Naturally  they 
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desire  to  know  more  about  the  sources  of  their  milk  supply.  We  have 
decided  to  have  our  agent,  in  his  annual  tour  of  inspection  in  the  spring, 
report  more  fully  with  reference  to  the  condition  of  the  milk  supply,  in 
order  that  we  may  determine  in  what  way  the  conditions  may  be  improved 
and  what  can  be  done,  either  by  regulation  or  inspection,  to  make  the  gen- 
eral conditions  better. 

Danvkrs. 

The  diphtheria  antitoxin  of  the  State  Board,  which  is  kept  on  hand  by 
our  board,  has  been  quite  largely  used,  also  the  culture  tubes  for  the 
diagnosis  of  diphtheria.  Diagnosis  of  cases  of  diphtheria  by  means  of 
these  tubes  is  reported  from  the  State  Board  inside  of  thirty-six  hours 
after  the  culture  has  been  sent  from  Dan  vers. 

In  a  former  report  the  board  stated  that  the  only  satisfactory  solution  of 
the  disposal  of  sewage  was  for  the  town  to  have  a  sewer  system.  The 
present  board  is  of  the  same  opinion,  and  would  urge  the  town  to  take 
steps  towards  having  such  a  systeni  in  the  near  future. 

Dedham. 

The  cases  of  contagious  diseases  reported  during  the  past  year  have  been 
45  in  number,  which,  by  comparison  with  the  record  for  the  preceding 
year  of  98  cases,  shows  a  relative  improvement  in  public  health.  There 
were  15  cases  of  diphtheria  in  1896,  and  the  decrease  in  the  number  of 
cases  of  diphtheria  from  that  recorded  for  the  preceding  year,  there  being 
56  cases  in  1895,  is  of  special  interest. 

Everett. 

The  city  is  in  as  good  sanitary  condition  as  last  year. 

There  has  been  some  impatience  on  account  of  the  length  of  time  that 
persons  have  been  kept  in  quarantine  in  cases  of  diphtheria.  The  viru- 
lence of  the  germs  has  been  tested  in  these  protracted  cases,  and  it  has 
been  found  that  the  bacilli  are  as  virulent  as  in  the  early  stages.  There- 
fore it  is  the  only  safe  rule  to  keep  the  patient  quarantined  until  the  bacilli 
do  not  appear.  We  believe  that  every  case  is  due  to  infection,  either  from 
some  infected  person  or  article.  Of  60  cases  in  which  antitoxin  was  used 
all  but  one  were  proven  to  have  bacilli,  or  else  were  in  families  where 
others  had  diphtheria.  Of  these  there  were  5  deaths,  a  mortality  of  8  per 
cent.  Of  30  cases  where  it  was  not  used  a  culture  showed  bacilli  present 
in  20  cases.     There  were  6  deaths,  a  mortality  of  20  per  cent. 

Faxl  River. 

All  houses  in  which  contagious  diseases  are  reported  to  exist  are  im- 
mediately visited  and  the  occupants  furnished  with  circulars  containing 
instructions  and  reliable  information  upon  the  precautions  to  be  taken  to 
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stay  the  spread  of  that  particalar  disease.  In  cases  of  diphtheria  and 
Bcarlet-fever,  caixis,  designating  the  disease,  are  attached  to  the  building, 
at  every  door ;  and  in  all  cases  a  thorough  inspection  of  the  sanitary  con- 
dition of  the  building  and  premises  is  made ;  all  reports  and  complaints 
received  through  the  police  department  or  from  citizens  are  subject  to  a 
thorough  investigation ;  when  an  owner  of  property  has  any  reason  to 
suspect  that  the  plumbing  or  the  drainage  system  of  the  same  is  unsafe,  an 
inspection  is  promptly  made ;  when  a  new  sewer  is  laid  in  a  street  pre- 
viously unsewered,  every  building  situated  upon  a  line  of  said  sewer  is 
visited  and  inspected,  and  if  upon  such  inspections  it  is  found  that  any  con- 
ditions exist  inconsistent  with  the  rules  and  regulations  of  the  board,  an 
order  is  immediately  served  upon  the  owner,  calling  upon  him  to  abate  such 
nuisances,  reconstruct  plumbing  or  otherwise  conform  to  the  rules  and 
regulations,  in  accordance  with  the  city  ordinances  and  the  Public  Statutes. 

The  board  supplies  the  means  whereby  physicians  can  determine  exactly 
whether  or  not  any  doubtful  case  of  throat  disease  is  or  is  not  diphtheria,  by 
providing  the  facilities  necessary  for  an  expert  bacteriological  examination 
of  cultures  taken  from  the  throat  of  suspected  patients.  For  this  purpose, 
boxes  containing  culture  tubes,  swabs  and  full  printed  instructions  for  taking 
cultures,  with  blank  form  to  make  a  report  upon,  are  distributed  at  drug 
stores  throughout  the  city. 

The  number  of  persons  successfully  vaccinated  at  this  office  during  the 
past  five  years  was  8,396. 

FiTCHBURG. 

The  number  of  written  notices  issued  requiring  the  action  of  the  board 
was  527.  This  includes  the  general  notices  regarding  nuisances,  construc- 
tion of  cesspools,  orders  to  connect  with  the  sewer,  defective  plumbing  to 
be  remedied,  and  many  others  of  miscellaneous  character. 

The  board  has  found  the  schools  to  be  the  most  likely  source  of  con- 
tagion in  many  cases,  most  of  the  cases  being  among  scholars  or  families 
of  scholars  attending  school.  In  several  different  instances  it  has  been 
thought  advisable  to  fumigate  and  disinfect  the  school  buildings,  and  this 
has  had  a  noticeable  effect  in  checking  the  spread  of  contagion. 


Franklin.  » 

We  have  attended  promptly  to  such  complaints  as  have  been  brought 
before  us,  and  have  ordered  such  action  as  seemed  to  be  called  for  in  each 
case.  It  is  a  pleasure  to  report  that  we  have  found  citizens  ready  to  co- 
operate cheerfully  with  this  board  in  maintaining  the  health  of  the  town, 
and  our  business  has  been  transacted  without  friction  or  unpleasantness. 
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Gabdner. 

Considering  the  number  of  cases  of  diphtheria,  and  the  severity  of  nearly 
every  case,  it  is  remarkable  that  there  were  not  more  deaths,  only  one  being 
reported.  To  a  certain  degree  this  is  owing  to  the  use  of  antitoxin.  It 
was  administered  in  seven  cases,  some  of  them  having  seemingly  only  a  few 
hours  to  live.  Every  case  where  it  was  used  recovered.  The  board  of 
health  took  active  measures  to  limit  the  spread  of  contagious  diseases,  and 
we  feel  our  efforts  were  more  or  less  successful. 

Gloucester. 

We  consider  the  sanitary  condition  of  our  city  very  fair,  with  the  excep- 
tion of  a  few  localities.  Privy  vaults  and  cesspools  continue  to  be  an 
intolerable  nuisance,  and  are,  we  believe,  directly  responsible  for  a  great 
deal  of  avoidable  sickness.  A  system  of  sewerage  is  the  only  remedy  for 
the  existing  pernicious  state  of  affairs. 

Haverhill. 

The  method  of  disposal  of  refuse,  animal,  vegetable  and  mineral,  is  giv- 
ing the  board  the  usual  trouble,  and  will  probably  continue  to  do  so  until 
an  ideal  method  of  disposal  is  found. 

The  board  renews  its  annual  statement  as  to  a  hospital  for  contagious 
diseases,  required  by  law,  still  uncomplied  with. 

The  middle  of  June,  in  which  there  are  usually  no  cases  of  this  disease, 
found  the  city  suffering  from  an  epidemic  of  typhoid  fever,  though  fortu- 
nately not  of  a  very  fatal  character.  Not  since  the  introduction  of  our 
present  water  supply  has  there  been  in  any  season  so  many  cases  in  the 
city  as  occurred  during  the  summer  and  autumn  months  of  1896.  One  hun- 
dred and  one  cases  have  been  reported  from  the  middle  of  June  to  the  close 
of  the  year,  90  or  more  of  which  had  their  direct  origin  in  the  city. 

The  following  extract  is  from  Professor  Sedgwick's  report :  "  It  became 
evident  that  two-thirds  Of  all  the  cases,  excluding  imported  cases  and  cases 
of  earlier  date,  were  located  upon  one  of  the  water  supplies,  namely,  that 
derived  from  Crystal  Lake.  I  therefore  visited  the  lake  and  examined  its 
sanitary  condition,  and  I  regret  to  say  that  the  results  of  my  insi>ection, 
while  they  show  that  the  lake  has  a  good  natural  watershed,  which  might 
be  easily  guarded  and  kept  in  good  sanitary  condition,  indicate  that  at  the 
present  time  proper  safeguards  do  not  exist ;  and  it  is  entirely  possible  that 
from  the  more  or  less  public  uses  of  the  lake  for  pleasure  purposes,  some 
contamination  may  have  come  which  caused  the  present  epidemic.  I  am 
informed  that  a  part  of  the  shore  is  used  for  picnic  grounds ;  a  cottage  or 
club-house  with  its  sink-spout  and  its  privy  stands  very  near  the  lake,  not 
far  from  the  intake  of  the  water  works  ;  boating  on  the  lake  appears  to  be 
common  ;  and  other  evidences  exist  of  improper  use  of  the  shores.     There 
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ia  no  positive  evidence  of  any  contamination  of  the  lake  by  any  one  having 
typhoid  fever ;  but  it  is  well-known  that  '  walking '  cases  of  this  disease 
are  not  uncommon,  and  it  may  be  that  such  a  contamination  has  actually 
occurred.  In  any  case  there  can  be  no  doubt  that  the  city  of  Haverhill 
should  own  and  control  not  only  the  lake  but  its  entire  shores.  A  lake 
which  supplies  drinking  water  to  a  modern  city  should  not  be  used  for 
boating,  fishing  or  swimming ;  nor  its  shores  for  cottages  or  picnic  grounds  ; 
and  until  Crystal  Lake  can  be  entirely  rescued  from  its  present  uses  by 
the  miscellaneous  public,  those  who  drink  the  water  derived  from  this 
source  would  do  well  to  boil  and  cool  it  before  drinking.  I  have  also 
visited  and  inspected  Round  Lake  and  its  environs,  and  I  am  of  the 
opinion  that  the  use  of  its  shores  for  ice-houses,  stables,  etc.,  as  at  present 
conducted,  is  improper,  and  constitutes  a  menace  to  the  public  health." 

Ipswich. 

A  few  words  in  regard  to  the  sanitary  condition  of  the  town ;  we  con- 
sider that  it  is  in  a  good  condition,  taking  everything  into  consideration. 
We  have  had  considerable  complaint  from  overflowing  cesspools  during  the 
year,  a  matter  which  we  expected,  owing  to  the  large  usage  of  water ;  but 
we  think  this  will  be  obviated  in  the  future  and  that  we  shall  have  very 
little  trouble  from  this  source. 

Lexington. 

The  vexed  question  of  piggeries  seems  to  have  been  settled,  and  we  are 
gratified  to  say  that  no  complaint  has  been  made  in  that  direction  for  a 
long  time.  The  board,  however,  is  well  aware  that  the  swine-keeping  in- 
dustry in  this  town  must  be  carefully  watched,  and  in  this  connection  we 
know,  from  much  time,  trouble  and  labor  expended  by  us  in  the  past,  that 
'*  eternal  vigilance  "  is  the  price  of  health ;  hence  we  cordially  invite  co- 
operation by  the  citizens  toward  the  regulation  of  this  somewhat  unsavory 
traffic ;  and  co-operation  in  this  manner,  —  not  by  complaint  in  an  unofficial 
form  to  the  casual  listener,  but  by  direct  complaint  in  writing  to  this  board. 

Lowell. 

Vaults  removed  in  1896, 169 

Cost  of  burning  garbage  at  cremator,  Jan.  1, 1896,  to  Dec. 

26,  1896 $3,343  34 

Cost  of  burning  garbage,  1894, 5,742  69 

Cost  of  burning  garbage,  1895, 3,662  53 

Cost  of  burning  garbage,  1896, 3,343  34* 

Lowest  week's  cost  per  ton,  1894, 1  02 

Lowest  week's  cost  per  ton,  1895, 81 

Lowest  week's  cost  per  ton,  1896, 68 

♦  Saving  in  1896  of  $319.19. 
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Daring  the  year  1896,  33,389  loads  of  ashes  were  removed  from  houses 
aod  stores  to  the  various  dumping  grounds  in  use. 

Sixty- five  bakeries  were  inspected  by  the  board  under  the  act  of  1896. 

The  number  of  physicians  who  have  availed  themselves  of  the  bacterio- 
logical test  has  largely  increased,  and  the  results  have  given  general  satis- 
faction. There  have  been  one  or  two  cases  when  the  physician  has  doubted 
the  result  of  the  bacteriological  report,  considering  the  case  to  be  simple 
follicular  tonsilitis,  and  where  the  examination  proved  the  case  to  be  diph- 
theria. In  last  year's  report  it  was  suggested  that  a  negative  bacteriologi- 
cal examination  be  made  before  a  case  with  diphtheria  be  released  from 
quarantine.  The  most  approved  custom  is  that  there  shall  be  two  negative 
reports  before  the  case  be  released. 

Diphtheria  cases  where  antitoxin  was  used :  Cases,  31 ;  recovered,  28  ; 
died,  3  ;  per  cent,  of  deaths,  10. 

Diphtheria  cases  where  antitoxin  was  not  used  :  Cases,  79  ;  recovered, 
35 ;  died,  44  ;  per  cent,  of  deaths,  56. 

The  board  decided  to  have  sputum  examined  by  the  bacteriologist  in 
cases  of  suspected  tuberculosis  of  the  lungs,  and  circulars  to  that  eflfect 
were  sent  to  the  physicians  of  the  city.  It  was  not  with  the  idea  of  isolat- 
ing the  cases,  although  according  to  the  latest  accepted  theory  consumption 
is  a  contagious  disease,  but  simply  as  an  assistance  to  the  physician  in 
making  his  diagnosis. 

The  board  of  health  believes,  as  stated  in  its  annual  reports,  that  a 
modern  filter  plant  of  suitable  capacity  should  be  constructed  as  an  aux- 
iliary to  the  present  provision  for  Lowell's  water  supply.  Such  a  plant 
is  not  expensive  as  compared  with  other  measures  to  secure  pure  water. 
Its  use  in  Lowell  has  already  been  advised  by  the  sanitary  authorities  of 
the  State,  and  its  efiSciency  in  preventing  typhoid  fever  has  been  amply 
demonstrated.  This  board  feels  impelled  to  urge  the  immediate  provision 
of  the  people  of  Lowell  with  this  final  safeguard  against  the  enemy  that 
has  already  wrought  so  much  danger  here. 


Lynn. 

By  a  suggestion  from  the  local  board  of  health,  the  city  authorities  or- 
dered all  dogs  running  at  large  to  be  muzzled  from  February  18  to  June  1, 
1896. 

The  board  also  secured  the  enactment  of  a  statute  providing  for  the  fill- 
ing of  low  land  up  to  an  established  grade  in  the  city  of  Lynn,  whenever 
required  by  the  board. 

The  following  rule,  known  as  rule  35  of  the  revised  regulations  of  the 
board  of  health  of  the  city  of  Lynn,  was  adopted,  after  approval  by  city 
solicitor  Hon.  John  R.  Baldwin,  and  after  a  public  hearing  given  March  30. 
The  purpose  of  the  act  was  to  keep  out  and  prevent  the  sale  of  milk  drawn 
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from  unhealthy  cows.  Under  this  order  3,471  cows  have  been  tested  with 
tubercalin  in  the  three  States  of  Massachusetts,  New  Hampshire  and  Maine, 
and  of  this  number  562  were  condemned. 

Rule  35.  On  and  after  May  1, 1896,  for  all  milk  brought  into  or  oflfered  for 
sale  in  the  city  of  Lynn,  satisfactory  evidence  will  be  required  of  the  producer 
and  dealer  by  the  board  of  health  that  the  milk  has  been  drawn  from  healthy 
cows.  The  condition  of  health  is  to  be  based  upon  results  of  tuberculin  test  by  a 
veterinarian  that  is  satisfactory  to  the  State  Cattle  Commission  and  to  the  in- 
spector of  milk  for  the  city  of  Lynn.  After  test,  each  animal  to  have  ear  tag  and 
certificate  of  health.  Also,  that  the  animals  used  are  properly  fed,  and  the  prem- 
ises occupied  by  them  are  in  a  good  condition  of  sanitation. 

Hospital  for  Contagious  Diseases,  —  The  condition  of  the  hospital  for 
contagious  diseases  the  past  year  has  been  very  satisfactory.  It  has  been 
the  purpose,  in  the  management  of  this  institution,  to  treat,  as  economically 
as  possible,  those  patients  suffering  from  diphtheria  or  scarlet-fever,  who 
would  have  no  other  care  or  shelter  without  it,  and  to  prevent  the  spread 
of  these  troubles,  and  we  believe  in  the  last  year  the  institution,  with  the 
liberal  use  of  antitoxin,  has  been  the  means  of  preventing  a  much  larger 
number  of  cases  and  a  much  larger  death-rate.  A  large  proportion  of  these 
cases  has  come  from  those  districts  where  the  sanitary  conditions  are  poor, 
and  among  those  people  whose  families  are  large,  and  who  are  not  accus- 
tomed to  cleanly  habits.  For  these  reasons  we  believe  that  the  hospital  is 
a  department  working  good  in  the  city.  The  large  number  of  cases  of  this 
kind  reported  shows  how  closely  we  may  have  come  to  an  epidemic,  such 
as  has  occurred  in  our  neighboring  towns  and  cities,  where  no  provision  has 
been  made  for  their  isolation.  In  the  light  of  these  events  it  seems  a  wise 
foresight  on  the  part  of  our  city  in  establishing  this  institution.  Of  the  82 
cases  of  diphtheria  admitted  and  treated  there  were  6  deaths,  making  a 
mortality  of  7.32  per  cent.,  while  the  mortality  in  the  whole  number  re- 
ported in  the  city  was  14.55  per  cent.,  —  about  twice  the  death-rate  of  that 
at  the  hospital. 

It  is  quite  a  practice  in  families  where  a  contagious  disease  occurs  for 
the  parents  to  send  the  apparently  well  members  away  until  the  sick  patient 
recovers.  This  course  may  seem  proper  and  reasonable  to  a  parent  in  his 
anxiety  for  the  health  and  safety  of  his  children,  but  it  is  a  doubtful  ex- 
pedient, as  it  was  found  upon  an  inspection  of  cases  reported  that  the 
patient  was  only  stopping  there  temporarily,  having  been  sent  away  from 
home  to  escape  the  disease.  In  one  instance  there  were  several  cases  re- 
ported from  the  immediate  neighborhood  of  this  temporary  resident. 

The  following  extract  is  from  the  report  of  the  milk  inspector:  "For 
some  reason  other  than  a  popular  demand  the  practice  of  adulterating  and 
diluting  milk  continues.  This  practice  was  attributable,  during  at  least 
nine  months  of  the  year,  to  the  annual  destructive  '  milk  war.'     Certain 
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dealers  conceived  the  idea  of  cheapening  the  cost  of  milk  to  consumers, 
and  it  is  safe  to  say  they  were  successful  beyond  their  expectations.  Dur- 
ing a  part  of  this  time  milk  sold  as  low  as  three  cents  per  quart  at  retail. 
The  quality  of  the  milk  was  naturally  affected,  and  as  a  consequence 
thirty-three  dealers  were  brought  into  court ;  thirty-one  fined  and  two  dis- 
charged. During  the  year  I  have  seized  and  caused  to  be  analyzed  3,019 
samples  of  milk  and  103  samples  of  cream  ;  of  these  2,015  have  been  above 
the  standard  required.  As  one  great  source  of  the  pollution  of  milk  is  the 
unclean  cans,  and  ill-kept  rooms  where  milk  is  put  up,  I  have  made  sixty- 
three  visits  to  these  places,  with  the  view,  if  necessary,  of  correcting  such 
conditions  as  seemed  detrimental  to  health." 

Malden. 

The  gratifying  results  which  have  accompanied  the  antitoxin  treatment 
of  diphtheria  has  robbed  this  disease  of  a  certain  percentage  of  its  horror. 
The  reduction  in  price  of  this  human  boon,  coupled  with  the  fact  that  the 
board  has  freely  furnished  it  upon  request  in  all  needy  cases,  has  reduced 
the  death-rate  in  our  city  of  this  most  dreaded  of  maladies.  At  this  point 
the  board  would  endeavor  to  indelibly  impress  upon  your  honorable  body 
the  great  existing  need  of  a  contagious  ward  or  hospital. 

In  January  the  State  Cattle  Commissioners  issued  order  No.  11,  requir- 
ing that  all  dogs  within  a  specified  territory  be  muzzled  for  ninety  days. 
The  boards  of  health  of  the  several  cities  and  towns  embodied  in  said  order 
were  authorized  to  see  that  the  order  was  duly  enforced  in  their  respective 
territories.  The  city  of  Maiden  being  included  in  this  order,  the  board  of 
health,  to  the  best  of  their  ability,  enforced  the  order  for  ninety  days  from 
Jan.  23,  1896. 

Regular  medical  inspection  of  the  schools  has  been  advisedly  recom- 
mended, and  the  results  have  been  very  gratifying  in  those  cities  where  it 
has  been  adopted.  The  board  would  recommend  the  same  precautionary 
measures  for  Maiden,  and  that  an  appropriation  be  made  for  the  purpose. 

Marblehead. 

There  has  been  no  serious  epidemic  of  any  of  the  contagious  diseases. 
The  number  of  cases  of  diphtheria  has  been  about  the  same  as  last  year, 
but  the  mortality  is  not  so  great.  This,  in  the  opinion  of  the  board,  is 
due  to  the  fact  that  in  most  cases  antitoxin  was  used.  We  have,  through 
the  State  Board  of  Health,  furnished  antitoxin  free  to  every  one  desiring 
it. 

Marlborough. 

The  quarantine  in  cases  of  diphtheria  has  been  continued  this  year  only 
when  the  throat  cultures  showed  presence  of  the  diphtheria  bacilli.  The 
board  has  adopted  the  plan  of  releasing  patients  from  quarantine  when  a 
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throat  culture  was  found  free  from  the  germs  of  this  disease.  This  rule 
seems  to  the  board  to  be  a  reasonable  requirement,  but  the  practical  en- 
forcement of  such  a  regulation  is  often  a  hardship  to  the  patient  and  family 
afflicted.  In  two  cases  which  were  quarantined  during  the  year  the  germs 
remained  in  the  throat  for  about  ten  weeks.  As  diphtheria  patients  are 
sometimes  very  much  longer  than  ten  weeks  in  getting  rid  of  all  diphtheria 
germs  in  the  throat,  and  as  the  experience  of  the  year  is  quite  likely  to  be 
repeated,  the  necessity  of  providing  an  ample  place  for  caring  for  this  dis- 
ease immediately  suggests  itself. 

As  our  population  increases  the  need  of  a  systematic  method  of  garbage 
collection  becomes  more  apparent.  The  work  of  collecting  swill  and  garb- 
age is  now  being  done  by  citizens,  who  register  in  the  office  of  the  board  of 
health  and  agree  to  conform  to  the  rules  and  regulations  of  the  board  in  this 
respect ;  and  although  the  swill  is  of  some  value  to  them,  it  is  not  enough 
to  induce  them  to  collect  it  in  a  systematic  manner,  for  they  generally 
go  to  the  places  where  they  can  get  the  most  and  the  best  with  the  least 
possible  trouble ;  so  there  are  a  great  many  places  that  are  not  visited, 
because,  to  use  the  words  of  the  collectors,  there  is  not  enough  to  pay  for  the 
trouble.  This  matter  can  never  be  settled  satisfactorily  until  the  city  makes 
an  appropriation  for  the  purpose  of  employing  some  one  who  shall  gather 
swill  and  garbage  in  the  city,  and  shall  be  under  the  direction  of  the  board 
of  health. 

Medfield. 

Your  board  has  acted  on  all  complaints  of  nuisances  existing  in  our 
town,  and  has  remedied  the  same  as  they  have  deemed  best.  We  have 
also  taken  such  means  and  measures  to  prevent  the  spread  of  contagious 
diseases  as  in  our  judgment  was  proper.  In  combating  the  spread  of  in- 
fectious diseases,  we  have  been  obliged,  in  two  instances,  to  remove  the 
families  from  their  dwellings  while  their  apartments  were  being  disinfected. 
In  one  instance  we  considered  it  best  to  remove  the  patients  from  their 
houses,  as  each  recovered,  to  a  temporary  convalescent  hospital,  which  we 
maintained  for  a  period  of  two  weeks  for  their  benefit.  We  have  allowed 
the  town  to  bear  the  expense  of  maintaining  this  hospital,  and  also  the 
cost  of  the  board  and  lodging  of  the  other  family  while  this  board  kept 
them  out  of  their  home. 

Medford. 

The  work  of  the  board  has  been  materially  increased  during  the  past 
year  by  placing  in  its  charge  the  inspector  of  plumbing,  connecting  with 
sewers,  and  the  ordinance  passed  by  the  Cattle  Commissioners,  Jan.  23, 
1896,  requiring  the  muzzling  of  dogs. 

At  the  close  of  the  year  a  circular  was  sent  to  physicians  who  had  re- 
ported cases  of  diphtheria  to  the  board  during  the  year,  eliciting  the  fol- 
lowing information:  Eighty-two  cases  were  reported.     From  65  of  these 
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cases  cultures  were  taken  and  sent  to  Tufts  or  Harvard  medical  school 
laboratories,  or  to  the  State  Board  for  bacteriological  examination.  Diph- 
theria bacillus  was  present  in  45  cases;  in  10  no  diphtheria  bacillus  was 
present.  Antitoxin  was  used  in  59  cases.  Deaths  followed  in  but  3  cases 
where  antitoxin  was  used.  Arrangements  have  been  perfected  with  the 
State  Board  of  Health  whereby  microscopical  examinations  can  be  made. 

Melrose. 

The  correctness  of  the  reports  of  contagious  diseases  is  somewhat  marred 
by  the  concealment  of  cases  of  sickness  with  the  milder  forms,  as  measles 
and  scarlatina.  This  comes,  perhaps,  from  a  reluctance  to  have  the  card 
posted  upon  the  house,  and  persons  sometimes  think  they  are  sheltered 
by  not  employing  any  physician.  But  this  is  no  excuse.  The  law  says 
clearly :  '*  When  a  house-holder  knows  that  a  person  within  his  house  is 
sick  with  .  .  .  any  contagious  disease  ...  he  shall  immediately  give 
notice  to  the  board  of  health.  .  •  .  Any  person  neglecting  to  comply 
•  .  .  shall  be  punished  by  a  fine  not  exceeding  one  hundred  dollars." 

The  board  has  endeavored  to  have  the  sewer  utilized  as  promptly  as 
possible  by  the  people,  and  therefore  has  followed  up  the  progress  of  the 
sewer  by  a  house-to-house  distribution  of  circulars,  stating  the  advantages 
of  speedy  connection  with  the  sewer,  and  urging  early  action. 

MiDDLEBOROUGH . 

There  has  been  no  serious  outbreak  of  disease  in  this  town  during  the 
year.  In  January,  a  case  of  diphtheria  was  reported  to  the  board,  which, 
upon  investigation,  we  were  satisfied  was  contracted  in  Boston. 

The  board  firmly  believes  that  the  time  has  come  when  the  authority 
vested  in  local  boards  by  the  statute  of  1891  should  be  enforced  in  this 
village,  and  the  owners  on  the  line  of  the  sewer  be  compelled  to  enter,  until 
not  a  privy,  vault  or  cesspool  can  be  found  along  any  street  where  a  sewer 
has  been  laid. 

The  attention  to  the  use  of  the  street  as  a  dumping  ground  for  paper  and 
other  articles  too  numerous  to  mention  is  asked. 

MiLLBURT. 

For  the  immediate  protection  of  the  citizens  of  the  town  the  board  has 
arranged  to  have  pathological  examination  made,  at  the  expense  of  the 
town,  from  cultures  from  the  throat  when  diphtheria  is  suspected.  Test 
tubes  and  swabs  can  be  found  at  the  drug  stores  of  the  town,  and  antitoxin 
will  be  furnished  free  by  the  State  Board  on  application  at  the  office  of  the 
Worcester  board  of  health. 
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Newton. 

The  board  complied  with  the  order  of  the  Cattle  Commissioners  and 
instructed  the  police  to  seize  all  unmuzzled  dogs,  confine  them  at  the 
nearest  station  and  report  to  headquarters.  A  man  was  then  employed 
to  visit  the  stations  daily  and  take  the  captured  animals  to  the  pound, 
which  was  established  at  the  city  farm.  One  hundred  and  thirty-six  dogs 
were  captured  by  this  method  during  the  period  of  ninety  days,  of  which 
seven  were  shot  and  the  remainder  returned  to  their  owners  upon  compli- 
ance with  the  order  of  the  Commissioners. 

A  new  rule  requiring  live  fowl  to  be  restrained  upon  the  premises  of  the 
owner  or  keeper  was  adopted  by  the  board  during  the  year,  and  will  un- 
doubtedly render  our  streets  more  sightly  by  removing  all  manner  of  live 
fowl  from  them.  The  keeping  of  swine  in  a  rapidly  growing  suburban  city 
is  not  favored  by  the  board,  and  only  under  the  most  favorable  circum- 
stances will  it  be  allowed. 

The  bacteriological  examination  of  cultures  from  suspected  throats  as  an 
aid  to  the  diagnosis  of  diphtheria  has  been  continued  during  the  year  and 
has  been  of  great  service  to  physicians.  These  examinations  are  made  free 
of  charge  to  the  patients,  and  the  practice  will  be  continued  during  the 
coming  year,  but  under  slightly  changed  conditions.  The  type  of  the  dis- 
ease has  been  fully  as  severe  during  the  past  as  during  previous  years ; 
many  very  severe  cases  having  been  in  the  contagious  wards  of  the  Newton 
Hospital.  Many  of  the  deaths  have  occurred  in  cases  where  there  was  some 
delay  in  administering  the  antitoxin,  owing  to  the  fact  that  a  physician  was 
not  called  until  the  patient  had  been  ill  for  two  or  three  days.  The  board 
strongly  urges  the  advisability  of  the  early  administration  of  antitoxin. 

The  board  last  year  referred  to  the  need  of  a  detention  ward,  where  sus- 
pected cases  of  disease,  notably  diphtheria  and  scarlet-fever,  could  be  held 
under  observation  if  necessary,  and  it  again  draws  attention  to  this  need. 
Such  a  ward  would  be  very  valuable  in  a  case  of  suspected  diphtheria,  say, 
occurring  in  a  domestic  in  a  family  where  there  are  young  children. 

North  Adams. 

Two  hundred  and  eighty-one  official  notices  have  been  served.  Ten 
cases  have  been  prosecuted  for  not  obeying  orders  of  the  board. 

The  Notch  water-shed  is  very  small,  comprising  only  two  farms  and  one 
or  two  '^  wood-lots."  The  slope  on  either  side  of  the  stream  is  steep,  and 
the  buildings  dangerously  near  the  water.  As  the  city  was  building  a  large 
reservoir  on  this  stream  the  board  considered  it  advisable  that  it  purchase 
the  farms,  remove  all  the  buildings  and  allow  the  whole  water-shed  to  grow 
up  to  timber.  Acting  on  this  belief  it  conferred  with  the  State  Board  of 
Health,  and  its  opinion  being  confirmed  the  matter  was  laid  before  the 
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mayor,  and  upon  his  recommendation  the  purchase  of  the  two  farms  was 
made. 

The  board  would  call  attention  to  the  necessity  of  a  hospital  for  con- 
tagious diseases. 

North  Attlbborouoh. 

We  feel  that  there  would  be  much  less  friction,  and  more  certainty  of 
maintaining  good  sanitary  conditions  throughout  the  town,  if  the  town  had 
seen  fit  to  authorize  a  yearly  examination  of  all  tenements,  as  well  as 
public  buildings,  under  the  direction  of  the  board. 

There  is  one  by-law  of  the  town  that  is  constantly  disregarded  by  the 
people  of  the  town,  and  especially  in  the  business  part  of  the  town.  We 
refer  to  the  strewing  of  paper,  etc.,  around  the  streets. 

During  the  past  year  the  State  Board  of  Health  has  provided  for  the 
examination  of  the  discharges  from  the  throats  of  those  suspected  of  being 
affected  with  diphtheria ;  and  also  of  the  sputa  of  any  cases  of  suspected 
tuberculosis.  We  are  unable  to  state  how  many  cultures  have  been  made 
and  forwarded  to  Boston  for  bacteriological  examination,  as  those  availing 
themselves  of  this  privilege  have  failed  to  make  a  report  to  us.  The  value 
of  these  examinations  was  well  illustrated  in  one  case,  by  report  returned 
that  no  evidence  of  diphtheria  could  be  found.  The  physician  in  this  case 
showed  his  good  judgment  by  isolating  the  family  until  his  doubt  in  the 
case  was  removed  by  the  report  of  the  examination  of  the  discharge  from 
the  throat.  Thus,  without  further  delay,  the  family  were  relieved  from 
the  hardships  attendant  upon  quarantine. 

The  State  provides  antitoxin  for  the  use  of  towns,  requesting,  in  return 
for  such  favor,  that  detailed  records  of  the  cases  where  it  has  been  used 
should  be  kept  and  forwarded  to  the  State  Board.  Wherever  the  antitoxin 
has  been  used  in  the  early  stage  of  the  disease  the  result  has  been  most 
satisfactory.  Out  of  twelve  reported  cases  only  two  have  proved  fatal. 
In  one  of  the  fatal  cases  the  child  was  not  seen  until  it  was  almost  mori- 
bund; in  the  other  case,  death  was  due  to  paralysis  of  the  heart,  the 
membrane  having  entirely  disappeared. 


Norwood. 

Swine  in  the  centres  of  population  are  regarded  by  the  board  of  health 
as  a  nuisance. 

The  sanitary  arrangements  of  public  buildings  in  which  large  numbers  of 
people  are  housed  should  be  in  harmony  with  modem  developments.  This 
is  never  more  true  than  in  the  matter  of  school-houses. 

The  board  of  health,  in  the  interest  of  common  humanity,  would  ask 
every  one  to  refrain  from  expectorating  in  any  public  building  or  convey- 
ance except  into  receptacles  provided  for  the  purpose. 
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Grange. 

The  amount  of  sickness  has  been  far  less  than  usual.  Contagious  and 
infectious  diseases  have  been  unknown ;  the  death-rate  has  been  10  per 
cent,  less  than  an  average. 

QUINCY. 

The  general  health  of  the  city  has  been  very  good,  no  serious  epidemic 
of  contagious  disease  prevailing,  nearly  all  the  cases  that  have  occurred 
being  of  a  mild  type,  yielding  readily  to  medical  treatment.  The  danger 
from  diphtheria,  that  dreaded  disease,  has  now  by  the  use  of  antitoxin 
been  greatly  lessened,  and  the  death-rate  lowered. 

The  board  unanimously  recommends  that  a  more  efficient  service  for  the 
collection  of  the  garbage  of  the  city  be  maintained.  By  so  doing  it  will  be 
of  great  benefit  to  all,  and  the  cleanliness  and  health  of  the  city  much  im- 
proved. 

Personal  visits  and  inspections  of  all  the  public  buildings,  school-houses, 
etc.,  have  been  made  by  the  members,  and  defects  and  nuisances  been 
remedied. 

PiTTSFIELD. 

One  practice  in  our  schools  is  without  doubt  a  fruitful  method  of  trans- 
mitting infection.  We  refer  to  the  method  of  collecting  pencils  used  by 
pupils  during  the  day  and  passing  them  out  indiscriminately  the  following 
day.  We  trust  that  the  school  authorities  will  order  this  practice  perma- 
nently discontinued,  as  pernicious  in  its  effects.  When  a  pupil  is  reported 
as  sick  with  scarlet-fever  or  diphtheria  the  books  used  by  such  pupil  should 
at  once  be  burned.  It  is  to  be  regretted  that  one  school  building  should  be 
made  the  store-house  for  all  the  old  books  from  all  other  schools  in  the  city. 
These  old  books,  as  soon  as  unfit  for  use,  should  be  destroyed  at  once. 
The  general  drinking  cup  should  be  a  thing  of  the  past,  as  it  is  a  source  of 
danger.     Each  child  should  have  a  cup  of  his  own,  as  is  the  case  in  many 

schools. 

Plymodth. 

During  the  months  of  April  and  May  an  inspection  of  the  town  was 
made,  and  the  contents  of  sixty-eight  cesspools  and  privy  vaults  were  or- 
dered removed.  A  number  of  complaints  have  been  made,  all  of  which 
have  been  investigated.    Eight  houses  have  been  connected  with  the  sewer, 

by  order  of  the  board. 

Provinoetown. 

Every  year  our  town  seems  to  be  becoming  more  popular  as  a  summer 
resort,  and  we  ought  to  co-operate  in  making  our  shores  not  only  clean, 
but  just  as  attractive  as  possible.  Let  us  place  no  obstruction  in  the  way 
of  the  summer  guest  enjoying  our  shore  privileges.  We  would  recommend 
that  measures  be  taken  to  do  away  with  shore  sewerage,  also  all  promiscu- 
ous dumping  of  fish  from  wharves,  etc. 
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Revere. 

The  work  of  connecting  houses  with  the  public  sewers  has  been  vigor- 
ously kept  up,  and  we  trust  that  old-fashioned  vaults  and  illy-kept  cess- 
pools will  soon  cease  to  be  a  menace  to  the  health  of  the  community.  Many 
desirable  improvements  have,  of  necessity,  been  postponed  on  the  ground 
of  rigid  economy.  Less  complaint  has  been  made  against  our  large  pig- 
geries than  ever  before.  A  sharp  eye  has  been  kept  upon  them,  with  a 
very  gratifying  improvement  in  their  general  condition,  and  the  total  aban- 
donment of  one  large  plant.  The  enforcement  of  the  law  in  regard  to 
plumbing  is  bringing  about  a  sure  change  for  the  better  in  the  quality  of 
the  work  done,  and  an  added  safeguard  against  disease.  The  plumbers, 
with  slight  exception,  have  cheerfully  complied  with  the  requirements  of 
the  board,  and  only  in  one  instance  has  our  authority  been  openly  defied. 
The  inspection  has  been  thorough,  and  accomplished  in  a  first-class  manner. 

Salem. 

The  board  has  encouraged  the  use  of  antitoxin  in  all  cases,  and  adopted 
the  policy  of  furnishing  it  whenever  there  was  danger  that  otherwise  it 
would  not  be  used.  Practically,  this  resulted  in  the  furnishing  of  the 
remedy  by  the  board  for  nearly  every  case.  It  was  not  possible  to  make 
a  correct  record  of  the  number  of  cases  in  which  antitoxin  was  used,  as 
complete  reports  could  not  be  obtained  from  all  physicians,  but  it  was  used 
in  a  very  large  majority  of  the  cases. 

Sharok. 

The  favorable  health  conditions  that  have  prevailed  in  the  town  during 
the  year  have  required  but  little  service  from  the  board. 

Soherville. 

The  number  of  loads  of  ashes  collected  during  the  year  was  19,240. 

The  house  offal  has  been  collected  by  the  city  during  the  year  under  the 
same  system  that  has  been  employed  in  the  removal  of  ashes. 

The  collection  of  night-soil  during  the  year  has  been  very  small,  as  the 
old-fashioned  privy-vaults  have  been  almost  entirely  removed. 

Sprikgfield. 

The  health  of  the  city  has  been,  on  the  whole,  good ;  we  have  had  no 
serious  epidemic  of  communicable  diseases.  Typhoid  fever  was  reported 
46  times,  chiefly  in  May  and  August.  In  the  latter  part  of  May  some  15 
cases  were  discovered  in  ward  5  and  the  adjacent  part  of  ward  8,  which 
seemed  to  have  a  common  origin.  The  patients  had  a  common  milk 
supply  from  a  farm  in  a  neighboring  town.     We  found  upon  this  farm  a 
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young  woman  had  lived  during  a  portion  of  the  month  of  May ;  that  she 
had  become  ill  and  left  the  farm  about  May  23,  and  at  the  time  of  this 
investigation  was  suffering  from  typhoid  fever.  The  use  of  this  milk  was 
forbidden  until  it  was  evident  that  there  was  no  reason  to  fear  further  con- 
tamination and  the  epidemic  ceased. 

The  use  of  the  diphtheria  antitoxin,  which  was  unusual  at  the  beginning 
of  the  year,  is  now  common  and  results  in  saving  many  liv^.  Forty-five 
cases  received  this  treatment  and  5  of  them  died,  while  of  the  48  cases 
treated  in  other  ways,  21  died.  But  in  3  of  the  5  fatal  cases  the  antitoxin 
was  used  when  the  patient  was  already  near  death,  so  that  in  those  cases 
where  the  antitoxin  was  properly  used  only  4^  per  cent,  died,  while  47  per 
cent,  of  the  others  perished.  That  is,  cases  treated  by  antitoxin  did  ten 
times  as  well  as  cases  not  so  treated. 


Taunton. 

No  alarming  epidemic  has  occurred,  although  the  three  important  con- 
tagious diseases,  diphtheria,  scarlet-fever  and  measles,  have  been  present 
in  the  city  to  some  extent  almost  continuously  throughout  the  year. 

Diphtheria  was  decidedly  less  than  the  previous  year,  and  at  no  time 
was  the  disease  especially  confined  to  one  locality  to  any  marked  degree. 
The  board  has  continued  to  distribute  antitoxin  gratis  to  the  physicians, 
which  has  been,  as  also  during  the  previous  year,  furnished  to  us  at  no 
expense  by  the  State  Board  of  Health.  In  November  the  board  took  advan- 
tage of  the  offer  of  the  State  Board  to  make  free  cultures  for  the  Elebs- 
Loefifler  bacillus  of  diphtheria.  Stations  where  the  culture  tubes  may  be 
obtained  have  been  established.  This  offer  of  the  State  Board  in  regard  to 
antitoxin  and  culture  examination  applies  equally  to  the  adjacent  small 
towns  for  which  our  board  is  headquarters. 

The  number  of  nuisances  reported  at  this  office  and  entered  in  the 
nuisance  record  book  for  the  year  has  been  227,  an  increase  of  30  over 
the  preceding  year.  The  majority  of  the  complaints  have  been  for  over- 
flowing or  foul  privy  vaults,  sink  drains,  cesspools,  garbage  heaps  and  foul 
catch-basins.  The  routine  pursued  by  the  board  in  cases  of  nuisances  has 
been  for  the  agent  to  visit  the  premises  where  the  alleged  nuisance  exists ; 
if  the  nuisance  is  real  the  proper  person  is  notified  verbally  or  by  written 
notice  to  abate  the  nuisance  within  a  reasonable  time  specified.  If  at  the 
end  of  that  time  no  steps  have  been  taken  towards  abatement,  legal  notice 
is  served  upon  the  party,  requiring  him  to  abate  the  nuisance  under  pen- 
alty of  the  law.  A  continued  negligence  to  abate  is  followed  by  a  com- 
plaint lodged  with  the  police  department  summoning  the  person  into  court. 
The  greatest  nuisance  of  all,  and  one  over  which  the  board  appears  to  be 
powerless,  is  Mill  River.  During  the  summer  months  the  complaints  from 
this  source  were  constant  and  unceasing.    This  vast  sink-drain,  receiving 
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the  contents  of  numerous  privies,  sinks,  cesspools,  sewers  and  other  con- 
tainers of  filth,  during  the  hot  weather  is  a  source  of  the  greatest  annoy- 
ance to  the  unfortunate  residents  along  its  banks,  many  of  whom  it  must 
be  confessed  add  their  little  or  large  share,  as  it  may  be,  to  the  already 
undue  amount  of  foul  deposit  in  the  stream. 

Tewksbury. 

A  child,  aged  three  years  and  seven  months,  was  taken  ill  with  diph- 
theria, being  the  first  to  show  the  disease,  and  had  the  croupous  form,  re- 
quiring intubation,  the  tube  remaining  in  the  larynx  four  days.  She  made 
a  full  recovery.  The  remaining  cases  were  subjected  to  the  treatment  as 
soon  as  the  disease  appeared,  and  though  they  had  the  disease  in  a  severe 
form,  all  made  full  and  perfect  recoveries,  which  I  believe  was  largely  due 
to  the  antitoxin  treatment  used,  and  skilled  nursing. 

Waltham. 

It  has  been  the  policy  of  this  board  to  maintain  the  standard  of  work  so 
admirably  set  forth  by  its  predecessors  in  regard  to  the  sanitation  of  the 
city,  realizing  that  eternal  vigilance  is  the  price  of  municipal  health,  and 
that  the  application  of  the  best  and  latest  scientific  methods  are  essential 
to  the  physical  well-being  of  any  community. 

We  have  strenuously  insisted,  as  far  as  possible,  on  the  connection  of 
all  buildings  with  the  sewer  system,  when  such  buildings  lie  upon  the  route 
of  sewer  pipes. 

Diphtheria.  —  There  were  75  cases,  with  5  deaths ;  34  of  the  cases  were 
removed  to  the  Waltham  Hospital  for  isolation,  and  this  was  done,  if  pos- 
sible, in  every  case  where  the  proper  quarantine  regulations  could  not  be 
carried  out  at  the  patient's  home.  To  prevent  cases  being  freed  from 
quarantine  too  soon  for  safety  to  others,  the  board  added  to  its  rules  one 
which  requires  that  two  negative  bacteriological  results  must  be  obtained, 
three  days  apart,  before  the  restrictions  of  the  quarantine  can  be  removed. 

Ware. 

Diphtheria  antitoxin  is  in  general  use  by  physicians  here  who  have  the 
care  of  diphtheria  cases.  The  results  following  its  use  have  been  very 
good,  and  families  generally  are  now  willing  to  have  its  use  made. 

Warren. 

Scarlet-fever  has  been  so  /  mild  that  parents,  in  a  few  cases,  have  not 
recognized  it,  or  no  attention  has  been  given  to  it,  and  consequently 
children  have  been  allowed  to  mingle  with  the  public ;  even  attend  school. 
One  unrecognized  case  makes  mischief,  and  to  a  great  extent  these  un- 
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recognized  cases  have  been  the  cause  of  the  continued  epidemic  of  this 
disease  daring  the  past  three  years. 

The  board  of  health  has  obtained  from  the  State  Board  of  Health  the 
establishment  of  a  station  where  all  physicians  can  procure  culture  tubes, 
to  be  used  where  diphtheria  is  suspected,  also  diphtheria  antitoxin  for  the 
treatment  of  this  disease. 

Fifty-six  children  were  vaccinated,  as  a  part  of  the  work  of  the  board, 
this  year. 

Watertown. 

Rules  goveming*the  use  of  the  bath-house  were  adopted,  and  the  work 
has  been  conducted  satisfactorily  since  that  time,  giving  apparent  satisfac- 
tion to  the  people. 

A  slaughter-house  has  been  a  source  of  annoyance  and  trouble  to  the 
boards  of  health  for  several  years.  The  proprietor  was  given  every  reason- 
able opportunity  to  keep  his  place  in  a  presentable  condition,  and  to  obey 
the  provisions  of  the  law  as  he  knew  them.  It  was  only  after  repeated 
complaints  of  violation  of  the  law  that  it  became  necessary  fo  take  the 
extreme  measure  which  was  resorted  to.  It  is  very  unfortunate  that  a 
man  should  be  deprived  of  earning  a  livelihood  such  as  he  selects  for  him- 
self, but  it  is  much  more  important  that  he  should  have  no  opportunity  to 
spread  contagion  and  disease  among  people  by  the  slaughter  of  tubercu- 
lous animals,  and  the  opportunity  to  put  such  food  into  the  market. 

Many  complaints  were  made  about  the  keeping  of  large  numbers  of 
swine  within  the  town  limits,  although  outside  of  the  scope  of  the  rule 
formerly  established  by  the  board  of  health.  On  May  29,  1896,  the  rule 
was  changed  so  that  now  no  swine  can  be  kept  in  any  part  of  the  town 
without  a  license  from  the  board  of  health.  The  result  has  been  a  gradual 
diminution  in  the  number  of  swine  kept  in  close  proximity  to  rapidly  grow- 
ing localities  outside  of  the  former  one-mile  limit  where  licenses  were  not 
required. 

It  has  been  demonstrated  by  thousands  of  cases  that  the  early  adminis- 
tration of  antitoxin  will  cure  nearly  every  case  of  diphtheria.  The  point 
that  the  board  wishes  to  emphasize  is  that  it  should  be  injected  in  the  be- 
ginning of  the  disease,  and  that  parents  should  hasten  to  report  cases  of 
sore  throat  to  their  physicians.  The  State  Board  of  Health  manufactures 
antitoxin  in  its  own  laboratories,  and  furnishes  it  free  of  cost  to  any  physi- 
cian. A  supply  of  this  remedy,  obtained  from  the  State  Board,  is  always 
kept  on  hand  by  our  board,  and  will  be  furnished  to  any  physician  who 
applies  to  the  agent. 

Many  patients  have  been  known  to  have  the  germ  in  the  throat  long 
after  all  other  symptoms  have  disappeared.  Such  a  person  is  still  capable 
of  spreading  the  disease,  and  should  not  be  allowed  to  attend  school  until 
the  culture  is  found  to  no  longer  contain  the  typical  germ.    Impressed 
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with  the  importance  of  this  precaution,  the  board  voted  that  no  person  sick 
with  diphtheria  should  be  considered  recovered  until  a  negative  culture  was 
found.  The  State  Board  of  Health  makes  these  cultures  free  of  cost,  and 
furnishes  the  proper  boxes  for  taking  the  culture. 

Westfield. 

We  make  a  much  more  favorable  report  of  the  general  sanitary  condition 
of  the  town  than  in  our  last.  Our  mortality  record  is  considerably  lighter, 
and  the  decrease  in  cases  of  contagious  and  infectious  diseases  most  en- 
couraging. 

We  believe  the  town  is  beginning  to  reap  a  rich  reward  for  the  money 
expended  in  her  grand  water  supply,  extending  the  public  sewers,  surface 
drainage,  collection  and  removal  of  garbage  by  our  sanitary  cart,  and  other 
thorough  improvements  which  are  being  made. 

Copies  of  the  act  of  1896,  chapter  418,  have  been  posted  in  each  of  our 
bakeries,  as  required  by  the  act,  and  a  compliance  with  its  requirements 
insisted  upon,  as  far  as  could  be  done,  in  the  buildings  now  occupied. 
The  improvements  are  quite  satisfactory. 

Whitman. 

The  past  year  has  been  prolific  of  work  in  the  line  of  nuisances  com- 
plained of,  and  sanitary  irregularities  to  remedy.  One  hundred  and  seven 
complaints  reported  and  attended  to,  against  seventy-three  last  year. 
Thirty-nine  quarantine  cards  posted,  against  thirty-six  last  year. 

Winchester. 

It  having  been  brought  to  our  notice  that  owners  of  property,  on  streets 
where  the  public  sewer  had  been  completed,  were  slow  to  avail  themselves 
of  the  privilege  of  making  house  connections  with  the  same,  the  board 
issued  to  property  owners  on  those  streets  in  which  the  sewer  was  laid  in 
1894  the  following  notice :  — 

You  are  hereby  notified  that  the  public  sewer  on  the  street  upon  which  your 
estate  abuts  is  completed,  and  that  your  buildings  should  be  connected  with  said 
sewer,  by  a  good  and  sufficient  drain,  immediately. 

Connection  will  be  made  for  you  at  a  price  not  exceeding  the  cost  of  labor  and 
material,  by  the  sewer  commissioners,  on  application  filed  with  them. 

You  are  respectfully  requested  to  file  your  application  within  sixty  days. 

To  this  notice  or  circular  was  attached  a  copy  of  the  act,  chapter  132  of 
laws  of  1890,  entitled  *^  An  Act  to  provide  for  connecting  buildings  with 
public  sewers." 

Contagious  diseases  have  been  largely  in  excess  of  last  year,  and  diph- 
theria, particularly,  has  given  us  much  trouble  and  anxiety.     It  is  due,  we 
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think,  to  the  fact  that  parents,  when  there  is  a  case  of  diphtheria  in  the 
family,  will  not  strictly  confine  their  other  children  to  their  own  premises. 
We  have  had  quite  a  ran  of  malarial  fever,  and  the  laying  of  our  new 
sewer  is,  by  many,  thought  to  be  the  cause.  This,  however,  cannot  be  the 
fact.  There  is  no  reason  why  the  digging  up  of  our  streets,  when  the  soil 
is  mostly  sand,  should  generate  or  liberate  malarial  germs. 

WOBURN. 

With  the  advent  of  the  sewers  there  is  a  decided  improvement  in  the 
drainage  of  the  city. 

The  number  of  cases  of  diphtheria  for  the  past  year  was  eighty-six,  two 
of  which  were  fatal. 

During  the  year  the  board  undertook  and  carried  out  the  work  of  clean- 
ing out  Horn  Pond,  a  large  pond  of  about  one  hundred  acres,  into  which 
the  drainage  of  tanneries  had  been  discharged  for  many  years,  and  which 
had  become  offensive  in  consequence  of  the  growth  of  large  quantities  of 
foul-smelling  algse. 

WORCESTBR. 

Public  baths  have  been  repeatedly  recommended  in  our  annual  reports, 
and  it  is  a  matter  of  gratification  to  this  department  that  the  establishment 
of  the  same  is  apparently  near  realization.  Regatta  Point,  if  it  can  be 
procured,  is  probably  the  best  spot  for  location,  but  if  it  cannot  be  had 
there  should  be  no  difiSculty  in  obtaining  permission  from  the  parks  com- 
mission to  locate  on  a  part  of  the  Lake  Park. 

Bacteriological  Department.  —  The  work  of  this  department  during  the 
year  has  been  satisfactory,  and  continues  to  justify  its  establishment.  In 
several  cases  where  death  has  been  sudden,  and  suspicions  of  diphtheria 
aroused,  we  have  been  able,  through  its  aid,  by  cultures  made  after  death, 
to  fix  the  disease  positively,  and  thus  fortified  have  taken  the  necessary 
precautions  to  prevent  its  further  spread.  Nine  hundred  and  forty-seven 
cultures  in  all  were  examined  during  the  year. 

All  the  known  bakeries  of  the  city  have  been  inspected  and  a  copy  of  the 
act  posted  in  each.  Orders  have  been  issued  to  make  the  alterations  found 
necessary. 

In  August  last  a  report  was  received  of  three  cases  upon  the  route  of  a 
milkman  who  lived  in  a  neighboring  town,  and  a  visit  was  paid  to  his 
house,  where  he  was  found  sick  in  bed  suffering  with  what  was  said  to  be 
'^  malarial  fever."  A  call  by  telephone  the  next  morning  upon  the  physician 
in  attendance  disclosed  the  fact  that  it  was  typhoid.  It  was  also  found 
that  there  was  a  case  of  it  in  the  family  of  the  man  from  whom  the  milk 
peddler  received  more  than  half  his  whole  supply.  He  kept  no  cows 
himself,  buying  all  of  the  milk  from  neighboring  farmers.  Prompt  meas- 
ures were  taken  to  prevent  any  further  spread  of  the  disease  from  this 
source.     In  all,  eight  cases  were  reported,  with  two  deaths,  among  families 
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who  received  their  milk  from  this  peddler.  All  of  these  cases  had  their 
beginning  about  the  same  time.  No  new  cases  were  reported  whose 
symptoms  began  subsequent  to  the  precautions  taken  by  this  department, 
as  was  mentioned  above. 

The  Isolation  Hospital,  for  the  treatment  of  patients  suffering  with 
diphtheria  and  scarlet-fever,  was  completed  during  the  year.  It  was 
opened  for  the  reception  of  patients  November  25.  The  cottage  or 
separate  pavilion  plan  was  the  one  selected  by  the  board  of  health,  and 
consists  of  four  separate  buildings,  arranged  somewhat  in  the  form  of  a 
hollow  square. 

The  following  rules  have  been  adopted  by  the  board  for  the  regulation 
of  the  hospital :  — 

1.  Patients  may  be  admitted  to  the  privileges  of  the  hospital  by  the  board  of 
health,  at  such  rates  of  board  as  it  may  from  time  to  time  determine. 

2.  In  all  cases  where,  in  the  opinion  of  the  board,  the  circumstances  of  the 
patient  will  warrant  it,  the  whole  or  a  part  of  the  board  shall  be  paid. 

3.  Patients  admitted  to  the  Isolation  Hospital  cannot  receive  visits  from  friends, 
unless  such  patients  are  dangerously  ill. 

4.  Inquiries  concerning  such  patients  may  be  made  at  the  office  of  the  board 
of  health,  or  by  telephone  at  the  hospital. 

5.  If  a  patient  should  become  dangerously  ill,  the  nearest  relative  or  friend 
will  be  notified,  with  an  intimation  that  he  may  be  visited.  Except  in  very  urgent 
cases  only  one  visitor  will  be  allowed. 

6.  Visitors  are  advised :  — 

a.  Not  to  enter  any  of  the  wards  when  in  a  weak  state  of  health  or  in  an 

exhausted  condition. 

b.  To  partake  of  food  before  entering  the  hospital. 

c.  To  avoid  touching  the  patient  or  exposing  themselves  to  his  breath  or 

to  the  emanations  from  his  skin. 

d.  To  sit  on  a  chair  at  the  bed-side  at  some  little  distance  from  the 

patient,  and  not  to  handle  the  bed-clothes. 

7.  Visitors  will  be  required  to  wear  a  gown,  which  will  be  provided  at  the 
hospital,  to  cover  their  dress  when  in  the  wards,  and  to  wash  their  hands  and  face 
with  a  disinfecting  solution. 

8.  Each  visit  must  be  limited  in  time,  and  fiiends  must  leave  when  requested 
by  the  resident  physician  or  the  nurse  in  charge. 

9.  No  visitor  shall  be  allowed  to  give  any  article  of  food  or  drink  to  a  patient 
unless  by  permission  of  the  nurse. 

10.  No  visitor  will  be  allowed  to  take  any  meal  in  the  hospital,  or  to  pass  the 
night  therein,  without  permission  from  the  board  of  health  or  the  resident 
physician. 

11.  When  the  patient  ceases  to  be  dangerously  ill  friends  cannot  be  admitted. 

12.  Religious  services  for  the  dead  may  be  held  in  the  chapel.  The  attendance 
is  strictly  limited  to  the  officiating  clergyman  and  the  adult  members  of  the 
immediate  family. 

13.  Visitors  are  strongly  urged  not  to  enter  any  street  car  or  other  public 
conveyance  immediately  after  leaving  the  hospital. 
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NOTE. 

The  following  information  should  have  been  inserted  on  page  682,  at  the  close 
of  the  two  years'  summary  of  the  use  of  antitoxin,  but  was  received  too  late  for 
insertion  at  that  point :  — 

Use  ofAtUUoQDin  far  ImmuniacUum, 

Antitoxin,  furnished  by  the  State  Board  of  Health,  was  employed  at  the  Chil- 
dren's Hospital,  for  the  purpose  of  immunisation,  as  follows :  — 

During  the  year  ending  March  81, 1896,  in        •        .        .      678  patients 
During  the  year  ending  March  81, 1897,  in        .       •        •      511  patients 

Total, 1,189  patients 

No  record  was  kept  with  reference  to  complications  or  sequelae  in  these  cases, 
but  a  note  from  the  superintendent  states  that  **  urticaria  occurred  in  only  a  small 
number  of  cases  and  these  were  not  particularly  noteworthy.'* 

In  three  cases  only  did  diphtheria  develop  after  injection  of  antitoxin  for  im- 
munisation, in  one  case  in  36  days  and  in  two  cases  in  23  days. 

There  was  occasionally  "some  tenderness  for  twenty-four  hours  at  the  seat 
of  injection,  but  it  soon  passed  oflf." 
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Balance  of  mortality,  the 812 

Bannister  Brook,  Framingham,  examination  of  water  of 587 

Barre,  Cold  Brook  station,  examination  of  water  firom  Ware  Biver  at .       .       •       .  405 

Barre,  water  supply  of,  examination  of 94 

Bassett  Brook,  Easthampton,  examination  of  water  of 145 

Bassett  Brook  Eeservoir,  Adams,  examination  of  water  of    ...•'.       •  84 

Beaver  Pond,  Franklin,  examination  of  water  of 156 

Belmont,  consumption  of  water  in  (see  Watertown) 412 

Health  of 870 

Water  supply  of  (see  Watertown) 96 

Berlin,  Oates  Pond,  examination  of  water  of  . 178 

Heights  of  water  in 179 

Beverly,  consumption  of  water  in 411 

Water  supply  of  (see  Salem) 96 

Big  Sandy  Pond,  Pembroke,  examination  of  water  of 83 

Billerica,  examination  of  water  of  tubular  wells  with  refsrenoe  to  a  proposed  water 

supply 96 

BilUngton  Sea,  Plymouth,  examination  of  water  of 288 

Birch  Pond,  Lynn,  examination  of  water  of 210 

Heights  of  water  in 219 

Births 783 

And  rates  by  five,  ten  and  twenty  year  periods 734 

By  sex 784 

In  other  countries,  by  sex  .       *       ...       « 735 

By  months 736 

By  parent  nativity 737 

Plural  births       . 788 

StiU-birtiis 789 

Illegitimacy 740 

Blackstone  Biver,  examination  of 889 

AtMillviUe • 892.393,896 

AtUxbridge '   .       •       •       •       •       .   *   .    392, 398, 396 

Above  Worcester  Sewage  Purification  Works 392-394 

Below  Worcester  Sewage  Purification  Works 392-394 

Boards  of  health,  local **y 

Boot  Pond,  Plymouth,  examination  of  water  of 288 

Boston,  consumption  of  water  in       .       .       .       .    ' *1^ 

Healthof ®70 

Water  supply  of,  examination  of 98 
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Boston  —  Concluded.  paob 
Water  snpplf  of,  examination  of—  Concluded. 
Sudbniy  Eiver  supply,  — 

Indian  Brook  at  head  of  Reservoir  No.  6,  Hopkinton 97 

Reservoir  No.  6,  Ashland    .       . 98, 100 

Cold  Spring  Brook  at  head  of  Reservoir  No.  4,  Ashland   .       .       .       •       .  102 

Reservoir  No.  4,  Ashland 103, 105 

Sndbnry  River  at  head  of  Reservoir  No.  2,  Ashland  ......  107 

Reservoir  No.  2,  Framingham 108 

Walker's  Brook,  Marlborongh 110 

Stony  Brook  at  head* of  Reservoir  No.  8,  Sonthboroagh Ill 

Reservoir  No.  3,  Framingham 112 

Cochituate  snpply,  — 

Lake  Cochitoate,  Wayland 114 

Water  firom  fancet,  Massachnsetts  Institnte  of  Technology      ....  116 
Mystic  supply,— 

Mystic  Lake 118 

Stony  Brook,  examination  of  water  of 405 

Heights  of  water  in  lakes  and  storage  reservoirs 120 

Bottomly  Pond,  Faxton,  examination  of  water  of 380 

Boxford  and  Oroveland,  Johnson's  Pond,  examination  of  water  of       ...       .  122 

Bradford,  consumption  of  water  in 411 

Water  snpply  of,  advice  of  Board  relative  to  pollution  of 70 

Examination  of 120 

Brain,  diseases,  mortality  firom  (tables)    . 765, 766,  767,  802 

Bndntree,  consumption  of  water  in  .       .       .    ' 411 

Water  supply  of,  advice  of  Board 11, 13 

Examination  of       . 124 

Braintree  and  Randolph,  examinaition  of  water  of  Great  Pond 294 

Brant  Rock,  Marshfleld,  examination  of  water  supply  of 230 

Breed's  Pond,  Lynn,  examination  of  water  of 208 

Heights  of  water  in 219 

Bridgewater  and  East  Bridgewater,  consumption  of  water  in 411 

Water  supply  of,  examination  of 125 

Broad  Brook,  Pownal,  Yt.,  examination  of  water  of 258 

Brockton,  consumption  of  water  in 411 

Sewage  disposal  of 581 

Advice  of  Board 50,  61 

Underdrains  beneath  sewers,  examination  of  water  of 128 

Water  supply  of,  examination  of 125 

Height  of  water  in  Salisbury  Brook  storage*  reservoir 128 

Brookfleld,  health  of 872 

Brookline,  consumption  of  water  in 411 

Health  of     . 872 

Water  snpply  of,  examination  of 129 

Charles  River  at  West  Roxbury,  examination  of  water  of 130 

Brown's  Pond,  Peabody,  examination  of  water  of 277 

Buckmaster  Pond,  Dedham,  examination  of  water  of 272 

Heights  of  water  in 274 

Bull  Brook,  Ipswich,  examination  of  water  of        .......       .  187 

Butter,  inspection  of 631 

Cambridge,  consumption  of  water  in 411 

Health  of 873 

Water  supply  of,  examination  of 131 

Heights  of  water  in  pond  and  reservoir 136 

Cancer,  mortality  from  (tables)     ' 765,766,767,802 
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Diphtheria  antitoxin  ~~  Concluded. 

Summary  ofthe  two  years  ending  March  31, 1897 681 

Cases  in  which  no  bacteriological  examination  was  made 682 

SeqaeUe 684 

Operations 684 

Brands  of  antitoxin  employed 686 

Number  of  diphtheria  cultures  examined  during  the  year  ending  March  31, 1897  •  681 

Circular  of  Information  relating  to  diagnosis  of  diphtheria  by  means  of  cultures   .  696 
Diphtheria  bacilli : 

A  comparative  study  of  the  toxin  production  of,  by  Theobald  Smith,  M.Dm  and 

Ernest  L.  Walker 649 

V     The  mode  of  action  of  diphtheria  bacilli 660 

The  method  employed  in  comparing  the  toxin  production  of  diflbrent  cultures   •  652 
Comparative  study  of  forty-two  cultures  of  diphtheria  bacilli  and  of  four  cultures 
of  pseudo-diphtheria  bacilli  fh>m  different  localities  in  Massachusetts,  by 

Theobald  Smith,  M.D.,  and  Bmest  L.  Walker 659 

Morphology 659 

Toxin-producing  power 661 

Toxin-produdng  power  of  bacilli  persisting  in  the  throat  after  recovery      .       .  662 

Pseudo-diphtheria  bacilli 664 

niustrative  tables 666 

Diphtheria  and  croup,  mortality  from  (tables)        .       .       .       .761,  763, 767,  768-771,  777 

Weekly  summary  of  deaths  from 836 

Reported  cases  of 841,842 

Disposal  of  waste  liquors  from  industrial  works 428 

Doane  Pond,  North  Brookfleld,  examination  of  water  of 268 

Dow*8  Brook,  Ipswich,  examination  of  water  of 184 

Drugs,  inspection  of 636 

Adulteration  of 607 

Dry  Brook  Reservoir,  Adams  and  Cheshire,  examination  of  water  of  ...       .  85 

Dug  Pond,  Natick,  examination  of  water  of 245 

Heights  of  water  in 247 

Dysentery,  mortality  firom  (tables) 762,  764,  767, 768-771,  782 

East  Acton,  advice  of  Board  relative  to  proposed  water  supply 10 

East  Bridgewater,  consumption  of  water  in  (see  Bridgewater) 411 

Water  supply  of  (see  Bridgewater) 145 

Easthampton,  water  supply  of,  examination  of 145 

East  Meadow  River,  Haverhill,  examination  of  water  of 167 

Easton,  consumption  of  water  in 411 

Easton,  North  Easton  Village  District,  water  supply  of,  examination  of     .       •       .  145 

Elder's  Fond,  Lakeville,  examination  of  water  of 335 

Erysipelas,  mortality  from  (tables) 808 

Weekly  summary  of  deaths  from 836 

Everett,  consumption  of  water  in  (see  Boston,  Mystic  Works) 411 

Health  of 876 

Water  supply  of,  examination  of  (see  Boston,  Mystic  Works)       ....  146 

Examination  of  rivers 889 

Examination  of  water  supplies 4,  81 

Examinations  of  water  made  during  1896 4 

Expenditures xxx 

Experiments  upon  the  purification  of  sewage  by  filtration  at  the  Lawrence  Experi- 
ment Station      427-505 

Experiments  upon  the  purification  of  water  by  filtration  at  the  Lawrence  Experiment 

Station 606-578 

Experiments  upon  the  purification  of  water  containing  iron,  at  Provincetown     •       •  5 


* 
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Fairhayen,  oonsamption  of  water  io 411 

Water  snpply  of,  examination  of 146 

Fall  Riyer,  consumption  of  water  in 411 

Health  of 876 

Water  supply  of,  examination  of 147 

Farm  Fond,  Sherbom,  examination  of  water  of 306 

Field's  Brook,  Hatfield,  examination  of  water  of 161 

Filters,  experimental,  for  sewage  purification  at  Lawrence 486 

Experimental,  for  water  purification  at  Lawrence 506 

Fitchburg,  health  of 877 

Nashua  River  below,  examination  of 400 

Water  supply  of,  examination  of 150 

Five  Mile  Fond,  Springfield,  examination  of  water  of 326 

Flora  Olen  Reservoir,  WiUiamstown,  examination  of  water  of 366 

Flow  of  streams .       • 4,420 

Food  and  drug  inspection 601 

Number  of  samples  examined 601 

Summary  of  work  done  during  the  year 601 

Summary  of  work  of  previous  years 603, 604 

Analysis  of  milk  of  known  purity      .       .       .       * 605,628 

Adulterated  milk 602, 627 

Local  inspection  of  milk 623 

Food,  other  than  milk 631 

Drugs 607,636 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  milk   .       .  607 
Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  food,  other 

than  milk 608 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  drugs .       .  608 

Prosecutions 608 

Sunmiary     . 612 

Fines 613 

Expenditures 614 

Proprietary  medicines,  inspection  of 614 

Report  of  Dr.  C.  P.  Worcester  on  analyses  of  food  and  drugs 623 

Summary  of  food  statistics 635 

Milk  of  western  Massachusetts 641 

Report  of  Prof.  C.  A.  Goessmann  upon 644 

Foxborough,  Yan  Choate  Electric  Company,  advice  of  Board  relative  to  sewage  dis- 
posal    67 

Foxborough  Water  Supply  Distinct,  Foxborough,  consumption  of  water  in  .       .       .  411 

Water  supply  of,  examination  of 152 

Framingham,  consumption  of  water  in 411 

Sewage  disposal  at 582 

Reservoir  No.  2,  Boston  Water  Works,  examination  of  water  of    ...       .  108 

Reservoir  No.  3,  Boston  Water  Works,  examination  of  water  of    .       .       .       .  112 

Water  supply  of,  examination  of 153 

Underdrain  beneath  sewers,  examination  of  water  of 155 

Franklin,  consumption  of  water  in 411 

Health  of 877 

Water  supply  of,  advice  of  Board 15 

Examination  of 156 

Fresh  Pond,  Cambridge,  examination  of  water  of 131 

Heights  of  water  in     .       .       -. 136 

Falling  Mill  Pond,  Hingham,  examination  of  water  of 171 

Gardner,  consumption  of  water  in    . 411 

Health' of    '.'..*... 878 
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Oardoer —  Concluded, 

Sewage  disposal  at 587 

Water  i apply  of,  examination  of 157 

Gates  Pond,  Berlin,  examination  of  water  of 178 

Heights  of  water  in 179 

General  report vii 

Ginger.  Inspection  of 832 

Glanders,  mortality  from  (tables) 811 

Glen  Lewis  Pond,  Ljnn,  examination  of  water  of 214 

Heights  of  water  in 219 

Gloucester,  consumption  of  water  In 411 

Health  of 878 

Water  snpply  of,  examination  of 158 

Glover  Spring,  Sonthbridge,  examination  of  water  of 309 

Goessmann,  Prof.  C.  A.,  report  on  millcof  western  Massachusetts        ....  644 

Grafton,  consumption  of  water  in 411 

Water  supply  of,  examination  of 159 

Great  Pond,  Bandolph  and  Braintree,  examination  of  water  of 294 

GreatPond,  Weymouth,  examination  of  water  of 362 

GreatQaittacasPond,LakeTllle,  examination  of  water  of 290 

Great  South  Pond,  Plymouth,  examination  of  water  of 288 

Greenfield,  mlllL  of 645 

Water  supply  ofj  examination  of 159 

Green  Harbor  River,  investigation  of xxv 

Groveland  and  Boxford,  Johnson's  Pond,  examination  of  water  of      ...       .  122 

Gunner's  Exchange  Pond,  Plymouth,  examination  of  water  of 288 

Haggetf  s  Pond,  Andover,  examination  of  water  of 87 

Halfway  Pond,  Plymouth,  examination  of  water  of 288 

Harvard  (Hildreth  Bros.),  advice  of  Board  as  to  proposed  supply        ....  17 

Examination  of  water  from  tubular  wells  with  reference  to  proposed  supply         .  160 

Hatchet  Brook  Beservoir,  Sonthbridge,  examination  of  water  of 308 

Hatchet  Pond,  Woodstock,  Conn.,  examination  of  water  of 309 

Hatfield,  water  supply  of,  advice  of  Board 18 

Examination  of 160 

Hathaway  Brook  Beservoir,  Pittsfield,  examination  of  water  from       ....  286 

Haverhill,  health  of 878 

Water  supply  of,  examination  of       .... 162 

Heights  of  water  in  lakes 168 

Haverhill  (Real  Estate  Improvement  Company),  advice  of  Board  as  to  water  supply  .  18 

Examination  of  water  from  a  well ' 169 

Haynes  Reservoir,  Leominister,  examination  of  water  of 197 

Head,  loss  of,  dally  bacterial  results 671-575 

Health  of  towns xxvii,  869 

Heart  diseases,  mortality  from  (tables) 765,  766,  767, 801 

Heights  of  water  in  ponds  and  reservoirs : 

Boston  Water  Works,  lakes  and  storage  reservoirs 120 

Brockton,  Salisbury  Brook  storage  reservoir 128 

Cambridge,  Fresh  Pond  and  Stony  Brook  storage  reservoir 136 

Haverbiil,  lakes 168 

Hudson,  Gates  Pond  (Berlin) I79 

Lynn  and  Saugus,  ponds  and  storage  reservoirs 219 

Maiden,  Medford  and  Melrose,  Spot  Pond  (Stoneham) 222 

Natick,  Dug  Pond 347 

New  Bedford,  Acushnet  Reservoir  and  Little  Quittacas  Pond 251 

Norwood,  Buckmaster  Pond  (Dedham) 274 
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Heights  of  water  in  ponds  and  reserroirs  —  Omcluded, 

Quincy,  storage  reservoir 294 

Salem  and  Beverly,  Wenham  Lake S04 

Springfield,  Ludlow  Reservoir 321 

Worcester,  Leicester  and  Holden  storage  reservoirs 384 

Heywood's  Pond,  Sterling,  examination  of  water  of 140 

Hingbam  and  Hull,  water  supply  of,  examination  of 170 

Hinsdale  Fire  District,  Hinsdale,  water  snpply  of,  examination  of       ...       .  171 

Hobart*8  Pond,  Whitman,  examination  of  water  of 363 

Hobb*s  Brook,  Waltham,  examination  of  water  of 135 

Holbrook,  consumption  of  water  in  (see  Randolph) 412 

Water  supply  of.    (See  Randolph,  page  294.) 

Holden,  examination  of  water  fh>m  Qainepoxet  River  at 402 

Holden  storage  reservoir,  Worcester,  height  of  water  in 384 

Holliston,  consumption  of  water  in 411 

Water  supply  of,  examination  of 173 

Holyoke,  water  supply  of,  examination  of 174 

Honey,  inspection  of 632 

Hoosac  River,  examination  of,  at  Williamstown 397 

Hopedale,  water  supply  of  (see  Milford) 177 

^pkinton,  consumption  of  water  in 411 

Examination  of  water  of  Indian  Brook  (Boston  Water  Works)     ....  97 

Horn  Pond,  Wobum,  examination  of  water  of 874 

Hoosatonic  River,  examination  of,  at  New  Lenox 398 

Howa^  Brook,  Kingston,  ^Kamination  of  water  of 189 

Hudson,  water  supply  of,  examination  of 178 

Heights  of  water  in  Gates  Pond,  Berlin 179 

Hull,  water  supply  of.    (See  Hingham,  page  170.) 

Huntington,  advice  of  Board  in  relation  to  proposed  water  supply        ....  19 

Examination  of  water  with  reference  to  proposed  water  supply      ....  180 

Hyde  Park,  consumption  of  water  in        .' 4n 

Water  supply  of,  advice  of  Board 20 

Examination  of  Neponset  River  at 182 

Hyde  Park  and  Milton,  water  supply  of,  examination  of 180 

Hydrophobia,  mortality  from  (tables) 809 

lUegiUmate  births.    (See  Births.) 

Improvement  of  Charles  River xxii| 

Report  of  joint  board  upon xxxv 

Improvement  of  Neponset  meadows xxiv 

Report  of  State  Board  of  Health  upon  sanitary  condition  and       ....  Ixi 

Indian  Brook,  Hopkinton,  examination  of  water  of  (Boston  Water  Works)       .       •  97 

Infant  mortality,  in  Massachosetts  (table) 7^ 

Of  cities 762 

Injections  diseases,  prevalence  of vWi 

Small-pox,  prevalence  of vlii 

Cases  of,  reported  to  Board  in  1896 ix 

Typhoid  fever,  prevalence  of ^ 

Consumption,  circular  upon 3tvi 

Diphtheria,  work  of  Board  relating  to xvii 

Malarial  fever,  work  of  Board  relating  to xvii 

Bacteriological  department  for  investigations  relative  to  the  prevalence  of     .       .  zxii 

Cases  of,  reported  to  the  Board,  1896 846 

Cases  of,  reported  to  local  boards  of  health,  1896 838 

Influenza,  mortality  from  (tables) 808 

Inspection  of  food  and  dmgs.    (See  Food  and  Drag  Inspection.) 
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Gardoer  — :  C<mcluded. 

Sewage  disposal  at 587 

Water  snpply  of,  examinatton  of I57 

Gates  Fond,  Berlin,  examination  of  water  of 178 

Heights  of  water  in I79 

General  report vU 

Ginger,  inspection  of 682 

Glanders,  mortality  from  (tables) 811 

Glen  Lewis  Fond,  Lynn,  examination  of  water  of 214 

Heights  of  water  in . 219 

Gloucester,  consumption  of  water  in 411 

Health  of 878 

Water  snpply  of,  examination  of 158 

Glover  Spring,  Sonthbridge,  examination  of  water  of 809 

Goessmann,  Prof.  C.  A.,  report  on  millc  of  western  Massachnsetts        ....  644 

Grafton,  consnmption  of  water  in     .       .       .       . 411 

Water  snpply  of,  examination  of I59 

Great  Pond,  Randolph  and  Braintree,  examination  of  water  of 294 

GreatPond.Wejrmonth,  examination  of  water  of 862 

Great  Qaittacas  Pond,  LakeTille,  examination  of  water  of 250 

Great  Sonth  Pond,  Pljrmonth,  examination  of  water  of 288 

Greenfield,  milk  of 64A 

Water  supply  ofj  examination  of I59 

Green  Harbor  River,  investigation  of xxv 

Groveland  and  Boxford,  Johnson's  Pond,  examination  of  water  of      ...       .  122 

Gunner's  Exchange  Fond,  Plymouth,  examination  of  water  of 288 

Haggett'sPond,Andover,  examination  of  water  of 87 

Halfway  Pond,  Plymouth,  examination  of  water  of 288 

Harvard  (Hildreth  Bros.),  advice  of  Board  as  to  proposed  snpply        ....  17 

Examination  of  water  from  tubular  wells  with  reference  to  proposed  supply         .  160 

Hatchet  Brook  Reservoir,  Sonthbridge,  examination  of  water  of 808 

Hatchet  Pond,  Woodstock,  Conn.,  examination  of  water  of 309 

Hatfield,  water  supply  of,  advice  of  Board 18 

Examination  of 160 

Hathaway  Brook  Reservoir,  Pittsfield,  examination  of  water  from       ....  280 

Haverhill,  health  of 878 

Water  snpply  of,  examination  of       ....      , 162 

Heights  of  water  in  lakes 168 

Haverhill  (Real  Estate  Improvement  Company) ,  advice  of  Board  as  to  water  supply  .  18 

Examination  of  water  from  a  well ' 169 

Haynes  Reservoir,  Leominister,  examination  of  water  of 197 

Head,  loss  of,  daily  bacterial  results 671-076 

Health  of  towns xxvii,  869 

Heart  diseases,  mortality  from  (tables) 766,  766,  767, 801 

Heights  of  water  in  ponds  and  reservoirs : 

Boston  Water  Works,  lakes  and  storage  reservoirs 120 

Brockton,  Salisbury  Brook  storage  reservoir 128 

Cambridge,  Fresh  Pond  and  Stony  Brook  storage  reservoir 136 

Haverhill,  lakes 168 

Hudson,  Gates  Pond  (Berlin) I79 

Lynn  and  Saugus,  ponds  and  storage  reservoirs 219 

Maiden,  Medford  and  Melrose,  Spot  Pond  (Stoneham) 222 

Natick,  Dug  Pond 347 

New  Bedford,  Acushnet  Reservoir  and  Little  Quittacas  Pond 201 

Norwood,  Buckmaster  Pond  (Dedham) 274 
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Heights  of  water  in  ponds  and  reseryoirs  —  Cfoncluded, 

Quincy,  storage  reserroir 294 

Salem  and  Beverly,  Wenham  Lake 8O4 

Springfield,  Ludlow  Reservoir 321 

Worcester,  Leicester  and  Holden  storage  reservoirs 384 

Hey  wood's  Pond,  Sterling,  examination  of  water  of 140 

Hingbam  and  Hull,  water  supply  of,  examination  of 170 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of       ...       .  171 

Hobart*s  Pond,  Whitman,  examination  of  water  of 363 

Hobb*s  Brook,  Waltham,  examination  of  water  of I35 

Holbrook,  consumption  of  water  in  (see  Randolph) 412 

Water  supply  of.    (See  Randolph,  page  294.) 

Holden,  examination  of  water  firom  Quinepoxet  River  at 402 

Holden  storage  reservoir,  Worcester,  height  of  water  in 384 

Holliston,  consumption  of  water  in 411 

Water  supply  of,  examination  of I73 

Holyoke,  water  supply  of,  examination  of 174 

Honey,  inspection  of 632 

Hoosac  River,  examination  of,  at  Williamstown 397 

Hopedale,  water  supply  of  (see  Milford) I77 

^pkinton,  consumption  of  water  in 411 

Examination  of  water  of  Indian  Brook  (Boston  Water  Works)     ....  97 

Horn  Pond,  Woburn,  examination  of  water  of 374 

Housatonic  River,  examination  of,  at  New  Lenox 398 

Howa^  Brook,  Kingston,  examination  of  water  of 189 

Hudson,  water  supply  of,  examination  of 178 

Heights  of  water  in  Oates  Pond,  Berlin 179 

Hull,  water  supply  of.    (See  Hingham,  page  170.) 

Huntington,  ad>ice  of  Board  in  relation  to  proposed  water  supply        ....  19 

Examination  of  water  with  reference  to  proposed  water  supply      ....  180 

Hyde  Park,  consumption  of  water  in        .' 4A 

Water  supply  of,  advice  of  Board 20 

Examination  of  Neponset  River  at 182 

Hyde  Park  and  Milton,  water  supply  of,  examination  of 180 

Hydrophobia,  mortality  from  (tables) 809 

IllegiUmate  births.    (See  Births.) 

Improvement  of  Charles  River xxii| 

Report  of  joint  board  upon xxxv 

Improvement  of  Neponset  meadows xxiv 

Report  of  State  Board  of  Health  npon  sanitary  condition  and       ....  Ixi 

Indian  Brook,  Hopkinton,  examination  of  water  of  (Boston  Water  Works)       .       .  97 

Infant  mortality,  in  Massachosetts  (table) 7^ 

Of  cities 762 

Injections  diseases,  prevalence  of viii 

Small-pox,  prevalence  of yiii 

Cases  of,  reported  to  Board  in  1896 ix 

Typhoid  fever,  prevalence  of x 

Consumption,  circular  upon xvi 

Diphtheria,  work  of  Board  relating  to xvii 

Malarial  fever,  work  of  Board  relating  to xvii 

Bacteriological  department  for  investigations  relative  to  the  prevalence  of     .       .  xxii 

Cases  of,  reported  to  the  Board,  1896 846 

Cases  of,  reported  to  local  boards  of  health,  1896 838 

Influenza,  mortality  from  (tables) 808 

Inspection  of  food  and  dmgs.    (See  Food  and  Drog  Inspection.) 
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Interstate  and  international  statistics 722 

Ipswich,  consumption  of  water  in 411 

Health  of 879 

Water  supply  of,  adyice  of  Board  relative  to  pollution  of 71 

Examination  of ' 184 

Iron  Brook,  Sheffield,  examination  of  water  of 305 

Iron  in  ground  waters,  presence  of 5 

Johnson's  Pond,  Boxford  and  Groveland,  advice  of  Board  relative  to  pollution  of    .  70 

Examination  of  water  of -  .       .        .    122, 123 

Jonathan's  Pond,  Wareham,  examination  of  water  of 347 

Eenoza  Lake,  Haverhill,  examination  of  water  of 163 

Heights  of  water  in 168 

Kent  Reservoir  (Leicester  supply),  Worcester,  examination  of  water  of      .       .       .  378 

Kidney  diseases,  mortality  from  (tables) 763,  766,  767,  800 

Kimball's  Pond,  Amesbury,  examination  of  water  of 87 

Kingston,  water  supply  of,  advice  of  Board 21 

Examination  of 188 

Lakeville : 

Examination  of  water  of  Assawompsett  Pond 333 

Of  Elder's  Pond 335 

Of  Great  Quittacas  Pond 2o0 

Of  Little  Quittacas  Pond 249 

Of  Long  Pond 251 

Heights  of  water  in  Little  Quittacas  Pond 251 

Lancaster,  examination  of  Nashua  River  at 401,  404 

Water  supply  of  (see  Clinton) 189 

Lard,  inspection  of 631 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1896      ....    427-578 

Lawrence  city  filter,  operation  of,  with  tables  of  daily  resnits 568-578 

Lawrence,  consumption  of  water  in 411 

Water  supply  of,  examination  of 190 

Merrimack  River,  examination  of  water  of 190,  398,  531-534,  568 

Flow  of  Merrimack  River  at 194 

Filtration  of  Lawrence  sewage 459 

Lead  poisoning xix 

Leicester  Water  Supply  District,  Leicester,  water  supply  of,  examination  of        .        .  195 

Sewage  disposal  of 590 

Underdrains  beneath  sewers,  examination  of  water  of 196 

Leicester  storage  reservoir,  Worcester,  height  of  water  in 384 

Leominster,  water  supply  of,  examination  of 196 

Lexington,  consumption  of  water  in 411 

Health  of 879 

Water  supply  of,  examination  of 201 

Lincoln,  water  snpply  of  (see  Concord) 203 

Examination  of  water  from  Sandy  Pond 142 

Little  Quittacas  Pond,  Lakeville,  examination  of  water  of 249 

Heights  of  water  in 251 

Little  South  Pond,  Plymouth,  examination  of  water  of 286 

Local  boards  of  health xxt 

Longmeadow,  consumption  of  water  in 411 

Water  supply  of,  examination  of 203 

Long  Pond,  Lakeville,  examination  of  water  of 261 
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Loon  Pond,  Springfield,  examination  of  water  of 325 

Loot  Pond,  Plymouth,  examination  of  water  of 288 

Lowell,  consumption  of  water  in 411 

Health  of 879 

WAter  supply  of,  examination  of 204 

Merrimack  Riyer,  examination  of  water  of 204,399 

Lower  Sandra  Reservoir,  Westborongh,  examination  of  water  of 358 

Lndlow,  water  snpply  of  (see  Springfield) 207 

Examination  ofwater  of  Chapin  Pond 321 

Lndlow  Reservoir,  Springfield,  examination  of  water  of 315 

Heights  of  water  in 321 

Lung  diseases,  acnte,  weekly  summary  of  deaths  from 836 

Lynde  Brook  storage  reservoir  (Leicester  snpply),  Worcester,  examination  ofwater  of  376 

Heights  of  water  in 384 

Lynn,  health  of 830 

Lynn  and  Sangos,  consumption  of  water  in 411 

Water  supply  of,  examination  of 207 

Heights  of  water  in  ponds  and  storage  reservoirs 219 

Mace,  inspection  of 633 

Malaria,  prevalence  of 700 

Circular  of  information  relating  to  the  diagnosis  of 701 

Malarial  fbver,  work  of  Board  relating  to xvli 

Mortality  fh)m 808 

Weekly  summary  of  deaths  from 836 

Maiden,  consumption  of  water  in 411 

Health  of 882 

Water  snpply  of,  examination  of       .               222 

Maiden,  Medford  and  Melrose,  water  snpply  of,  examination  of 220 

Heights  of  water  in  Spot  Pond,  Stoneham 222 

Manchester,  consumption  of  water  in 411 

Advice  of  Board  relative  to  pollution  of  Central  Pond 72 

Water  supply  of,  examination  of 223 

Mann  Reservoir  (Leicester  supply),  Worcester,  examination  of  water  of      .       .       .  378 

Mansfield  Water  Snpply  District,  Mansfield,  consumption  of  water  in  ...       .  411 

Water  supply  of,  examination  of 224 

Manual  of  health  laws xviil 

Manufacturing  sewage,  purification  of 428 

Number  of  bacteria  in 401-459 

Maple  sugar,  inspection  of 632 

Maple  syrup,  inspection  of 632 

Marblehead,  consumption  of  water  in      .       . 411 

Health  of .  882 

Water  supply  of,  examination  of 224 

Marlborough,  consumption  ofwater  in 411 

Health  of 882 

Sewage  disposal  at 590 

Examination  of  water  of  Walker's  Brook  (Boston  Water  Works) ....  110 

Water  supply  of,  examination  of 225 

Marriages 724 

And  rates  by  five,  ten  and  twenty  year  periods 724 

By  ages 726 

By  nativity 727 

By  races 729 

By  months 730 

Marshfield,  Brant  Bock,  water  supply  of,  examination  of 230 
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Canned  goods,  inspection  of 634 

Canton,  consumption  of  water  in '    .       .  411 

Water  supply  of,  examination  of 136 

Cape  Pond,  Rockport,  examination  of  water  of 300 

Cassia,  inspection  of 632 

Cayennia,  inspection  of 632 

Central  Pond,  Manchester,  advice  of  Board  relative  to  pollution  of       ...       .  72 

Cerebro-spinal  meningitis,  mortality  from  (tables) 807 

Weekly  summary  of  deaths  from 836 

Chadwick's  Pond,  Bradford,  advice  of  Board  relative  to  pollution  of     ....  70 

Chapin  Pond,  Ludlow,  examination  of  water  of 321 

Charles  River,  improvement  of * xxiii 

Report  of  joint  board  upon xxxv 

CharlesRiver,  examination  of  water  of,  at  Medway 397 

At  West  Roxbury 130 

Channcy  Pond,  Westborough,  examination  of  water  of 360 

Cheese,  inspection  of 632 

Chelsea,  consumption  of  water  in  (see  Boston,  Mystic  Works) 411 

Water  supply  of  (see  Boston,  Mystic  Works) 136 

Chemical  precipitation  of  sewage  by  sulphate  of  alumina 464 

Purification  of  sewage  by  experimental  filters  at  Lawrence 479 

Cheshire,  water  supply  of,  examination  of 137 

Cheshire  and  Adams,  examination  of  water  of  Dry  Brook  Reservoir    ....  85 

Chester,  water  supply  of,  examination  of 137 

Chicopee,  health  of 875 

Milk  of 4 644 

Water  supply  of,  examination  of 138 

ChUd-birth,  mortality  from  (tables) 762,  764,  767,  804 

Cholera  infantum,  mortality  from  (tables) 762,  764,  767,  768-771, 788 

Cinders,  use  of,  as  filtering  material 484 

Circular  of  information,  reUting  to  diagnosis  of  diphtheria  by  means  of  cultures        .  696 

Relating  to  the  diagnosis  of  malaria 701 

Relating  to  tuberculosis 708 

Cities,  infiuit  mortality  of  .       • 752 

Cities  and  towns,  advised  with  regard  to  water  supply  and  sewerage     ....  7 

Consumption  of  water  in     . 411 

Date  of  construction  of  water  works  in 410 

Number  of,  having  public  water  supplies  .       •       .    * 3,  409 

Sewage  purification  of 581 

Clapp's  Pond,  Washington,  examination  of  ^7ater  of 848 

Clark's  Spring,  Sheffield,  examination  of  watei^  of 305 

Clinton,  health  of 875 

Examination  of  Nashua  River,  above  Clinton 403 

Water  supply  of,  examination  of 140 

Cloves,  inspection  of 632 

Cobbler's  Brook,  Merrimac,  examination  of  water  of 237 

Cochituate  Lake,  Wayland,  examination  of  water  of  (Boston  Water  Works)      .       .  114 

Cocoa,  inspection  of 634 

Coffee,  inspection  of 634 

Cohasset,  consumption  of  water  in 411 

Water  supply  of,  advice  of  Board 14 

Examination  of •       .  141 

Cold  Brook  stiMdon,  Barre,  examinatiofi  of  Ware  Rivtfr  at 405 

Cold  Spring  Brook;  Ashland,*  examination  of  water  of  (Boston  Water  Works)   .       .  102 

Cold  Spring  R6serVt>ir,  WilliAmstown,  examinatlbn  of  water  of 365 

Concord,  health  of     .       .    '   .       .    *  .    ' 876 

Concord  and  Lincoln,  wHter  supply  of,  examination  of 142 
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Confectionery,  inspection  of 634 

Consnmption,  drcnlar  relating  to  (see  Tnbercalosis) xvi 

Mortality  from  (tables) 762,  764,  767,  768-771,  785 

Weekly  summary  of  deaths  from 836 

Consumption  of  water  In  yarious  cities  and  towns,  statistics  relating  to        ...  411 

Cook  or  Roaring  Brook,  Huntington,  examination  of  water  of     .       .       .       .       .  180 

Cooley  Brook,  Longmeadow,  examination  of  water  of 203 

Cooley  Brook  Reserroir,  Chicopee,  examination  of  water  of 138 

Cottage  City,  consumption  of  water  in 411 

Water  supply  of,  examination  of 143 

Cream,  evaporated,  inspection  of 630 

Cream  of  tartar,  inspection  of 634 

Crystal  Lake,  ciardner,  examination  of  water  of 107 

Crystal  Lake,  Hayerhill,  examination  of  water  of 162 

Heights  of  water  in 168 

Crystal  Lake,  Wakefield,  examination  of  water  of 340 

Dalton  Fire  District,  Dalton,  water  supply  of,  examination  of 143 

Danyers,  consumption  of  water  in 411 

Health  of 876 

Sewage  disposal  of,  advice  of  Board •  51 

Danyers  Lunatic  Hospital,  Dajiyers,  advice  of  Board  relative  to  sewage  disposal  of     .  53 

Deaths  (see  Vital  Statistics  of  Massachusetts) 743 

And  rates  in  five,  ten  and  twenty  year  periods 743 

By  sexes 744 

By  months 744 

By  nativity 746 

By  ages 749 

Density  of  population  and  relation  to  death-rate 747 

Infant  mortality ; 700 

Of  cities 702 

Causes  of 757 

From  ten  prominent  causes  (table) 758 

Unknown  or  unspecified  causes 760 

General  tables  in  twenty-year  periods 761 

Specified  causes 772-811 

Balance  of  mortality 812 

Total  reported  mortality,  1896 836 

Under  five  years,  reported,  1896 836 

Summary  of  weekly  mortality  reports  from  cities  and  towns 834 

Returns  of,  firom  cities  and  towns  having  a  population  of  more  than  5,000     .       .   851-866 

From  typhoid  fever  in  Lawrence,  1885-96 568 

Dedham,  consumption  of  water  in    .       ...       . 411 

Buckmaster  Pond,  examioation  of  water  of 272 

Heights  of  water  in 274 

Health  of 876 

Water  supply  of,  examioation  of 141 

Devol  Pond,  Westport,  examipation  of  water  of 149 

Diarrhoeal  diseases,  mortality  from  (tab^)   ^. 784 

Weekly  summary  of  deaths  ftopi 836 

Dike*s  Brook  storage  reservoir,  Gloucester,  examination  of  water  of    ...       .  158 

Dingle  Brook  Reservoir,  Chicopee,  examination  of  water  of 139 

Diphtheria,  work  of  Board  relating  to      .     . .       .       . xvU 

Diphtheria  antitoxin,  report  upon  the  production  and  use  of  •       •       •       •       •       •  675 

Amount  of,  distributed  from  April  1, 18Q6,  to  March  31, 1897         ...       .       .  676 

List  of  cities  and  towns  from  which  reports  were  received  relative  to  use  of  .       •  678 

Cases  in  which  a  bacteriological  examination  was  made 679 
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Diphtheria  antitoxin  ~  Concluded, 

Summary  ofthe  two  years  ending  March  81, 1897 681 

Cases  in  which  no  bacteriological  examination  was  made 682 

SeqaeUs 684 

Operations 684 

Brands  of  antitoxin  employed 685 

Number  of  diphtheria  cultures  examined  during  the  year  ending  March  81, 1897  •  681 

Circular  of  information  relating  to  diagnosis  of  diphtheria  by  means  of  cultures   .  696 
Diphtheria  bacilU: 

A  comparatire  study  of  the  toxin  production  of,  by  Theobald  Smith,  M.D.,  and 

Ernest  L.  Walker 649 

%     The  mode  of  action  of  diphtheria  bacilli 660 

The  method  employed  in  comparing  the  toxin  production  of  diflbrent  cultures   .  652 
Comparative  study  of  forty-two  cultures  of  diphtheria  bacilli  and  of  four  cultures 
of  pseudo-diphtheria  bacilli  from  different  localities  in  Massachusetts,  by 

Theobald  Smith,  M.D.,  and  Bmest  L.  Walker 659 

Morphology 659 

Toxin-produdng  power 661 

Toxin-produdng  power  of  bacilli  persisting  in  the  throat  after  recoTcry      .       .  662 

Pseudo-diphtheria  bacilli 664 

Illustratiye  tables 666 

Diphtheria  and  croup,  mortality  from  (tables)        .       .       .       .761,  763, 767,  768-771,  777 

Weekly  summary  of  deaths  from •       .       .       •       •  836 

Reported  cases  of 841,842 

Disposal  of  waste  liquors  from  industrial  works 428 

Doane  Pond,  North  Brookfield,  examination  of  water  of 268 

Dow*s  Brook,  Ipswich,  examination  of  water  of 184 

Drugs,  inspection  of 636 

Adulteration  of 607 

Dry  Brook  Besenroir,  Adams  and  Cheshire,  examination  of  water  of  ...       .  85 

Dug  Pond,  Natick,  examination  of  water  of 245 

Heights  of  water  in 247 

Dysentery,  mortality  from  (tables) 762,  764, 767, 768-771, 782 

East  Acton,  advice  of  Board  relative  to  proposed  water  supply 10 

East  Bridgewater,  consumption  of  water  In  (see  Bridgewater) 411 

Water  supply  of  (see  Bridgewater) 145 

Easthampton,  water  supply  of,  examination  of 145 

East  Meadow  River,  Haverhill,  examination  of  water  of 167 

Easton,  consumption  of  water  in 411 

Easton,  North  Easton  Village  District,  water  supply  of,  examination  of     .       •       .  145 

Elder's  Pond,  Lakeville,  examination  of  water  of 335 

Erysipelas,  mortality  from  (tables) 808 

Weekly  summary  of  deaths  from     .       •       .       •       • 886 

Everett,  consumption  of  water  in  (see  Boston,  Mystic  Works) 411 

Health  of 876 

Water  supply  of,  examination  of  (see  Boston,  Mystic  Works)       ....  146 

Examination  of  rivers S89 

Examination  of  water  supplies 4,  81 

Examinations  of  water  made  during  1896 4 

Expenditures xxz 

Experiments  upon  the  purification  of  sewage  by  filtration  at  the  Lawrence  Experi- 
ment Station      427-505 

Experiments  upon  the  purification  of  water  by  filtration  at  the  Lawrence  Experiment 

Stotion 506-578 

Experiments  upon  the  purification  of  water  containing  iron,  at  Provincetown     •       •  5 
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Fairhayen,  oonsumption  of  water  in 411 

Water  supply  of,  examination  of Uq 

Fall  River,  consamption  of  water  in 411 

Health  of 876 

Water  supply  of,  examination  of 147 

Farm  Pond,  Sherbom,  examination  of  water  of 306 

Field's  Brook,  Hatfield,  examination  of  water  of 161 

Filters,  experimental,  for  sewage  porification  at  Lawrence 486 

Experimental,  for  water  porification  at  Lawrence 506 

Fitchborg,  health  of 877 

Nashua  River  below,  examination  of 400 

Water  supply  of,  examination  of 150 

Five  Mile  Pond,  Springfield,  examination  of  water  of 326 

Flora  Olen  Resenrobr,  Williamstown,  examination  of  water  of 366 

Flow  of  streams .       • • 4,420 

Food  and  drug  inspection 601 

Number  of  samples  examined 601 

Summary  of  work  done  during  the  year 601 

Summary  of  work  of  previous  years 603,  604 

Analysis  of  milk  of  known  purity      .       .       .      ' 605,  628 

Adulterated  milk 602, 627 

Local  inspection  of  milk 62S 

Food,  other  than  milk 631 

Drugs 607,636 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  milk  .       .  607 
Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  food,  other 

than  milk 606 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  drugs .       .  608 

Prosecutions 608 

Summary 612 

Fines 613 

Expenditures 614 

Proprietary  medicines,  inspection  of 614 

Report  of  Dr.  C.  P.  Worcester  on  analyses  of  food  and  drugs 623 

Summary  of  food  statistics 635 

Milk  of  western  Massachusetts 641 

Report  of  Prof.  C.  A.  GK>essmann  upon 644 

Foxborongh,  Van  Choate  Electric  Company,  advice  of  Board  relative  to  sewage  dis- 
posal    67 

Foxborough  Water  Supply  District,  Foxborough,  consumption  of  water  in  .       .       .  411 

Water  supply  of,  examination  of 152 

Framingham,  consumption  of  water  in 411 

Sewage  disposal  at 582 

Reservohr  No.  2,  Boston  Water  Works,  examination  of  water  of    ...       .  108 

Reservoir  No.  3,  Boston  Water  Works,  examination  of  water  of    .       .       .       .  112 

Water  supply  of,  examination  of 153 

Underdrain  beneath  sewers,  examination  of  water  of       .....       .  155 

Franklin,  consumption  of  water  in 411 

Health  of 877 

Water  supply  of,  advice  of  Board 16 

Examination  of 156 

Fresh  Pond,  Cambridge,  examination  of  water  of 131 

Heights  of  water  in     .       .       -• 136 

Falling  Mill  Pond,  Hingham,  examination  of  water  of  ......       .  171 

Gardner,  consumption  of  water  in     . 411 

Health*  of    '.'..*.... 878 
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Oardner  —^  Concluded. 

Sewage  disposal  at 587 

Water  supply  of,  ezaminatlon  of 157 

Oates  Pond,  Berlin,  examination  of  water  of 178 

Heights  of  water  in 179 

General  report vU 

Oinger,  inspection  of 682 

Glanders,  mortality  from  (tables) 811 

Glen  Lewis  Pond,  Ljmn,  examination  of  water  of 214 

Heights  of  water  in 219 

Gloucester,  consumption  of  water  in 411 

Health  of 878 

Water  supply  of,  examination  of ]58 

Glover  Spring,  Southbridge,  examination  of  water  of 309 

GK)essmann,  Prof.  C.  A.,  report  on  milb  of  western  Massachusetts        ....  644 

Grafton,  consumption  of  water  in     •       .       .       . 411 

Water  supply  of,  examination  of 159 

Great  Pond,  Randolph  and  Bralntree,  examination  of  water  of 294 

Great  Pond,  Weymouth,  examination  of  water  of 862 

GreatQaittacasPond,LakeTllle,  examination  of  water  of 200 

Great  South  Pond,  Plymouth,  examination  of  water  of 288 

Greenfield,  milk  of 64A 

Water  supply  ofj  examination  of      .       . 159 

Green  Harbor  River,  investigation  of xxv 

Groveland  and  Boxford,  Johnson's  Pond,  examination  of  water  of       ...       .  122 

Gunner's  Exchange  Pond,  Plymouth,  examination  of  water  of 288 

Haggett*sPond,Andover,  examination  of  water  of 87 

Halfway  Pond,  Plymouth,  examination  of  water  of 288 

Harvard  (Hildreth  Bros.),  advice  of  Board  as  to  proposed  supply        ....  17 

Examination  of  water  from  tubular  wells  with  reference  to  proposed  supply         .  160 

Hatchet  Brook  Reservoir,  Southbridge,  examination  of  water  of 308 

Hatchet  Pond,  Woodstock,  Conn.,  examination  of  water  of 309 

Hatfield,  water  supply  of,  advice  of  Board '     .       .       •  18 

Examination  of 160 

Hathaway  Brook  Reservoir,  Pittsfield,  examination  of  water  from       ....  280 

Haverhill,  health  of 878 

Water  supply  of,  examination  of       ....      , 162 

Heights  of  water  in  lakes 168 

Haverhill  (Real  Estate  Improvement  Company) ,  advice  of  Board  as  to  water  supply  .  18 

Examination  of  water  from  a  well ' 169 

Haynes  Reservoir,  Leominister,  examination  of  water  of 197 

Head,  loss  of,  daily  bacterial  results 671-575 

Health  of  towns ,       .        xxvii,  869 

Heart  diseases,  mortality  from  (tables) 765, 766,  767,  801 

Heights  of  water  in  ponds  and  reservoirs : 

Boston  Water  Works,  lakes  and  storage  reservoirs 120 

Brockton,  Salisbury  Brook  storage  reservoir 128 

Cambridge,  Fresh  Pond  and  Stony  Brook  storage  reservoir 136 

Haverhill,  lakes 168 

Hudson,  Gates  Pond  (Berlin) I79 

Lynn  and  Saugus,  ponds  and  storage  reservoirs 219 

Maiden,  Medford  and  Melrose,  Spot  Pond  (Stoneham) 222 

Natick,  Dug  Pond 247 

New  Bedford,  Acushnet  Reservoir  and  Little  Quittacas  Pond 261 

Norwood,  Buckmaster  Pond  (Dedham)    .       • 274 


index;  905 


PAOB 


Heigbts  of  water  In  ponds  and  resenroirs  —  Concluded. 

Quincy,  storage  reservoir 294 

Salem  and  Beverly,  Wenham  Lake 804 

Springfield,  Ludlow  Reservoir 321 

Worcester,  Leicester  and  Holden  storage  reservoirs 384 

Heywood'sPond,  Sterling,  examination  of  water  of 1*0 

Hingbam  and  Hull,  water  supply  of,  examination  of 170 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of       ...       .  171 

Hobart's  Pond,  Wbltman,  examination  of  water  of 363 

Hobb*s  Brook,  Waltham,  examination  of  water  of 135 

Holbrook,  consumption  of  water  in  (see  Randolph) *12 

Water  supply  of.    (See  Randolph,  page  294.) 

Holden,  examination  of  water  firom  Qulnepoxet  River  at 402 

Holden  storage  reservoir,  Worcester,  height  of  water  In 384 

Holllston,  consumption  of  water  in ^11 

Water  supply  of,  examination  of 173 

Holyoke,  water  supply  of,  examination  of 17* 

Honey,  inspection  of ^ 

Hoosac  River,  examination  of,  at  Wllllamstown ^w 

Hopedale,  water  supply  of  (see  Milford) 177 

^[ppklnton,  consumption  of  water  in *11 

Examination  of  water  of  Indian  Brook  (Boston  Water  Works)     ....  97 

Horn  Pond,  Wobum,  examination  of  water  of 374 

Housatonic  River,  examination  of,  at  New  Lenox 3^ 

Howard  Brook,  Kingston,  lamination  of  water  of j^ 

Hudson,  water  supply  of,  examination  of 178 

Heights  of  water  in  Gates  Pond,  Berlin 17» 

Hull,  water  supply  of.    (See  Hlngham,  page  170.) 

Huntington,  advice  of  Board  in  relation  to  proposed  water  supply        ....  19 

Examination  of  water  with  reference  to  proposed  water  supply      ....  180 

Hyde  Park,  consumption  of  water  in        .' *^ 

Water  supply  of,  advice  of  Board ^ 

Examination  of  Neponset  River  at J^ 

Hyde  Park  and  Milton,  water  supply  of,  examination  of Iw 

Hydrophobia,  mortality  from  (tables) 309 

Illegitimate  births.    (See  Births.) 

Improvement  of  Charles  River *^"* 

Report  of  joint  board  upon *^*^ 

Improvement  of  Neponset  meadows "*^ 

Report  of  State  Board  of  Health  upon  sanitary  condition  and        ....  ixi 

Indian  Brook,  Hopklnton,  examination  of  water  of  (Boston  Water  Works)               .  97 

Infant  mortality,  in  Massachusetts  (table) 700 

Of  cities ^ 

InlBCtlous  diseases,  prevalence  of ™ 

Small-pox,  prevalence  of Y 

Cases  of,  reported  to  Board  In  1896 *^ 

Typhoid  fever,  prevalence  of ^ 

Consumption,  circular  upon *J| 

Diphtheria,  work  of  Board  relating  to                            ^^ 


Malarial  fever,  work  of  Board  reUting  to         .       .       .       .       •       •       •       •         ^J|J 
Bacteriological  department  for  invest] 
Cases  of,  reported  to  the  Board,  1896 


Bacteriological  department  for  investigations  relative  to  the  prevalence  of     .       .         xxU 

.        .  846 


Cases  of,  reported  to  local  boards  of  health,  1896 388 

Influenza,  mortality  from  (tables) 308 

Inspection  of  food  and  drugs.    (See  Food  and  Dmg  Inspection.) 
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Oardner  ~:  Concluded* 

Sewage  disposal  at 587 

Water  snpplj  of,  ezamination  of 157 

Oates  Pond,  Berlin,  examination  of  water  of 178 

Heights  of  water  in 179 

General  report vii 

Ginger,  inspection  of  •       • 632 

Glanders,  mortality  firom  (tables) 811 

Glen  Lewis  Pond,  Ljmn,  examination  of  water  of 214 

Heights  of  water  in 219 

Gloucester,  consumption  of  water  in 411 

Health  of 878 

Water  supply  of,  examination  of 158 

Glover  Spring,  Southbridge,  examination  of  water  of 309 

GK)essmann,  Prof.  C.  A.,  report  on  milbof  western  Massachusetts        ....  644 

Grafton,  consumption  of  water  in     .       .       .       . 411 

Water  supply  of,  examination  of 159 

Great  Pond,  Randolph  and  Bralntree,  examination  of  water  of 294 

Great  Pond,  Weymouth,  examination  of  water  of 362 

Great  Quittacas  Pond,  Lakeyllle,  examination  of  water  of 250 

Great  South  Pond,  Plymouth,  examination  of  water  of 288 

Greenfield,  milk  of 645 

Water  supply  of,  examination  of 159 

Green  Harbor  River,  investigation  of xxv 

Groveland  and  Boxford,  Johnson's  Pond,  examination  of  water  of       ...       .  122 

Gunner's  Exchange  Pond,  Plymouth,  examination  of  water  of 288 

Haggett'sPond,Andover,  examination  of  water  of 87 

Halfway  Pond,  Plymouth,  examination  of  water  of .  288 

Harvard  (Hildreth  Bros.),  advice  of  Board  as  to  proposed  supply        ....  17 

Examination  of  water  from  tubular  wells  with  reference  to  proposed  supply         .  160 

Hatchet  Brook  Reservoir,  Southbridge,  examination  of  water  of 308 

Hatchet  Pond,  Woodstock,  Conn.,  examination  of  water  of 309 

Hatfield,  water  supply  of,  advice  of  Board •       .       •  18 

Examination  of •       .       .       .       •  160 

Hathaway  Brook  Reservoir,  Pittsfield,  examination  of  water  from       ....  285 

Haverhill,  health  of 878 

Water  supply  of,  examination  of       .... 162 

Heights  of  water  in  lakes 168 

Haverhill  (Real  Estate  Improvement  Company),  advice  of  Board  as  to  water  supply  .  18 

Examination  of  water  from  a  well ' 169 

Haynes  Reservoir,  Leominister,  examination  of  water  of 197 

Head,  loss  of,  dally  bacterial  results 571-A76 

Health  of  towns xxvli,  869 

Heart  diseases,  mortality  from  (tables) 765,  766,  767, 801 

Heights  of  water  in  ponds  and  reservoirs : 

Boston  Water  Works,  lakes  and  storage  reservoirs 120 

Brockton,  Salisbury  Brook  storage  reservoir 128 

Cambridge,  Fresh  Pond  and  Stony  Brook  storage  reservoir 136 

Haverhill,  lakes 168 

Hudson,  Gates  Pond  (Berlin) 179 

Lynn  and  Saugus,  ponds  and  storage  reservoirs 219 

Maiden,  Medford  and  Melrose,  Spot  Pond  (Stoneham) 222 

Natick,  Dug  Pond 247 

New  Bedford,  Acushnet  Reservoir  and  Little  Quittacas  Pond 261 

Norwood,  Buckmaster  Pond  (Dedham)    .       •       • 274 
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Heights  of  water  in  ponds  and  reserroirs  ~  Concluded. 

Qnincy,  storage  reservoir ,       .  294 

Salem  and  Beverly,  Wenham  Lake 804 

Springfield,  Ludlow  Reservoir 321 

Worcester,  Leicester  and  Holden  storage  reservoirs 384 

Heywood's  Pond,  Sterling,  examination  of  water  of 140 

Hingbam  and  Hull,  water  supply  of,  examination  of 170 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  df       .       .       .       .  171 

Hobart*s  Fond,  Whitman,  examination  of  water  of 363 

Hobb*s  Brook,  Waltbam,  examination  of  water  of 135 

Holbrook,  consumption  of  water  in  (see  B^ndolpb) 412 

Water  supply  of.    (See  Randolph,  page  294.) 

Holden,  examination  of  water  Arom  Quinepoxet  River  at 402 

Holden  storage  reservoir,  Worcester,  height  of  water  in 384 

HoUiston,  consumption  of  water  in 411 

Water  supply  of,  examination  of 173 

Holyoke,  water  supply  of,  examination  of 174 

Honey,  inspection  of 632 

Hoosac  River,  examination  of,  at  Williamstown 397 

Hopedale,  water  supply  of  (see  Milford) I77 

^pkinton,  consumption  of  water  in 411 

Examination  of  water  of  Indian  Brook  (Boston  Water  Works)     ....  97 

Horn  Pond,  Wobnm,  examination  of  water  of 374 

Housatonic  River,  examination  of,  at  New  Lenox 398 

Howard  Brook,  Kingston,  fxamination  of  water  of 189 

Hudson,  water  supply  of,  examination  of 178 

Heights  of  water  in  Gates  Pond,  Berlin I79 

Hull,  water  supply  of.    (See  Hingbam,  page  170.) 

Huntington,  advice  of  Board  in  relation  to  proposed  water  supply        ....  19 

Examination  of  water  with  reference  to  proposed  water  supply      ....  180 

Hyde  Park,  consumption  of  water  in        .' 4fi 

Water  supply  of,  advice  of  Board 20 

Examination  of  Neponset  River  at 182 

Hyde  Park  and  Milton,  water  supply  of,  examination  of 180 

Hydrophobia,  mortality  from  (tables) 809 

Illegitimate  births.    (See  Births.) 

Improvement  of  Charles  River xxii| 

Report  of  joint  board  upon xxxv 

Improvement  of  Neponset  meadows xxiv 

Report  of  State  Board  of  Health  upon  sanitary  condition  and       ....  Ixi 

Indian  Brook,  Hopklnton,  examination  of  water  of  (Boston  Water  Works)               .  97 

Infant  mortality,  in  Massachusetts  (table) 7^ 

Of  cities 762 

Infectious  diseases,  prevalence  of viii 

Small-pox,  prevalence  of viii 

Cases  of,  reported  to  Board  In  1896 ix 

Typhoid  fever,  prevalence  of x 

Consumption,  circular  upon xvi 

Diphtheria,  work  of  Board  relating  to xvii 

Malarial  fever,  work  of  Board  relating  to xvii 

Bacteriological  department  for  investigations  reUitive  to  the  prevalence  of     .  xxii 

Cases  of,  reported  to  the  Board,  1896 846 

Cases  of,  reported  to  local  boards  of  health,  1896 838 

Influenza,  mortality  from  (tables) 808 

Inspection  of  food  and  drags.    (See  Food  and  Drug  Inspection.) 
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Sadbary  River  —  Concluded, 

Rainfall  received  and  collected  on  water-sbed  of,  In  1896 422 

Yield  of  water-sbed,  1875-96 423 

Examination  of  water  of  (Boston  Water  Works) 107 

Summary  of  food  statistics 635 

Summary  of  water  supply  statistics 409 

Summary  of  weekly  mortality  reports  from  cities  and  towns 834 

Summer  resorts,  inspection  of xix,  6 

Swampscott  (Marblebead  Water  Company),  water  supply  of,  advice  of  Board    .       .  40 

Swampscott  and  Nabant,  consumption  of  water  in 412 

Water  supply  of,  examination  of 329 

Syrup,  inspection  of 632 

Tannery  sewage,  purification  of 428 

Tatnuck  Brook  storage  reservoir  (Holden  supply),  Worcester,  examination  of  water  of  382 

Heigbtsofwaterin 384 

Taunton,  consumption  of  water  in 412 

Health  of '889 

Advice  of  Board  relative  to  sewage  disposal  of 63 

Water  supply  of,  examination  of 333 

Taylor  IHrook,  Huntington,  examination  of  water  of 180 

Tea,  inspection  of 634 

Tewksbury,  health  of 890 

Tisbury,  consumption  of  water  In 412 

Water  supply  of,  examination  of 339 

Tiverton,  R.  I.,  examination  of  water  from  Stafford  Pond 149 

Town  Brook,  Quincy,  examination  of  water  of 291 

Tubb's  Meadow  Brook,  Pembroke,  examination  of  water  of 283 

Tuberculosis,  examinations  of  sputum  and  other  material  suspected  of  containing  the 

bacilli  of 707 

Circular  of  information  relating  to 708 

Turner's  Falls  Fire  District,  Montague,  water  supply  of,  examination  of     .       .       .  242 

Typhoid  fever,  in  Massachusetts x 

Prevalence  of x 

Deaths  from,  in  cities  of  Massachusetts,  1871-95 *   xlv 

Deaths  from,  In  cities  of  Massachusetts,  1896 xv 

Mortality  from  (tables) 761,763,767,768-771,779 

Reported  cases  of 841,  842 

Weekly  summary  of  deaths  fi:t)m 836 

Underdrains  beneath  sewers,  examination  of  water  of: 

Brockton 128 

Framingham 165 

Leicester 196 

Medford 233 

Newton 254 

Upper  Sandra  Reservoir,  Westborough,  examination  of  water  of 356 

Upper  Naukeag  Pond,  Ashbumham,  examination  of  water  of 89 

Uxbridge,  water  supply  of,  advice  of  Board 42 

Examination  of 339 

Examination  of  Blackstone  River  at 392,393,396 

Van  Choate  Electric  Company,  Foxborough,  advice  of  Board  relative  to  sewage  dis- 
posal           67 

Van  Horn  Reservoir,  Springfield,  examination  of  water  of 323 

'  Vine  Brook,  Lexington,  examination  of  water  of 201 

Vine  Brook  storage  reservoir,  Lexington,  examination  of  water  of       ...       .  201 
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Vinegar,  inspection  of 633 

Vital  statistics  of  the  State,  work  of  the  Board  relating  to xxiii 

Vital  statistics  of  Massadiasetts  (1856-90),  by  the  secretary  of  the  Board  ...  713 

Introduction 713 

Population 716 

Growth  of  population 716 

Population  by  sexes 718 

Population  by  ages 719 

Population  by  nativity 720 

Population  by  races 721 

General  table  of  vital  statistics  (1842-95)  .       .       .      • 721 

Interstate  and  international  statistics 722 

Marriages 724 

And  rates  by  five,  ten  and  twenty  year  periods 724 

Relation  to  marriageable  population 725 

By  ages 726 

By  nativity 727 

By  races ^       .  729 

By  months 730 

Fecundity  of  marriages 731 

Births 733 

And  rates  by  five,  ten  and  twenty  year  periods 734 

By  sex ' 734 

In  other  countries,  by  sex 735 

By  months 736 

By  parent  nativity 737 

•      Plural  births 738 

Still-births 739 

Illegitimacy 740 

Sex  of  illegitimates 741 

Deaths 743 

And  rates  in  five,  ten  and  twenty  year  periods 743 

By  sexes 744 

By  months 744 

By  nativity 746 

By  ages 749 

Density  of  population  and  relation  to  death-rate 747 

Infant  mortality 750 

Infant  mortality  of  cities 752 

Mortality  of  childhood  (one  to  five  years) 754 

Mortality  at  later  ages 705 

Causes  of  death 757 

Ten  prominent  causes 758 

Unknown  or  unspecified  causes     . 760 

General  tables  in  twenty-year  periods 761-771 

Small-pox 772 

Measles 773 

Scarlet-fever 774 

Decline  in  scarlet-fever 775 

Diphtheria  and  croup 777 

Typhoid  fever 779 

Relation  to  public  water  supplies 779 

Dysentery 782 

Cholera  infantum 783 

Diarrhoeal  diseases T84 

Whooping-cough 785 
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Vital  statistics  of  Massacha setts  —  Concluded,  p^gb 
Causes  of  death  —  Concluded, 

Consumption    ....     - 785 

Death-rate  of  sexes  (tabic) 787 

Deaths  and  death-rates  at  wage-earning  period  of  life  and  in  children     .       •  790 

Pneumonia 796 

Kidnej  diseases 800 

Heart  diseases 801 

Brain  diseases 802 

Cancer 802 

Child-birth 804 

Minor  causes  of  death 807 

Cerebro-spinal  meningitis 807 

Erysipelas 808 

Influenza 808 

Malarial  fever 808 

Rheumatism        •       .    > 809 

Hydr9phobia 809 

Glanders 811 

Malignant  pustule 811 

Alcoholism  and  syphilis 811 

The  balance  of  mortality 812 

Returns  of  medical  examiners 817 

Suicide 819 

Deaths  by  lightning 820 

Vital  statistics  of  cities 821 

Wakefield  and  Stoneham,  consumption  of  water  in 412 

Water  supply  of,  examination  of 340 

Walden  Pond,  Lynn,  examination  of  water  of 212 

Heights  of  water  in 219 

Walker,  E.  L.,  Theobald  Smith,  M.D.,  and,  a  comparative  study  of  the  toxin  produc- 
tion of  diphtheria  bacilli,  by 649 

Comparative  study  of  forty-two  cultures  of  diphtheria  bacilli  and  of  four  cultures 

of  pseudo-diphtheria  bacilli  from  different  localities  in  Massachusetts,  by    .  609 

Walker's  Brook,  Marlborough,  examination  of  water  of 110 

Wallace  Pond,  Gloucester,  examination  of  water  of 158 

Walpole,  advice  of  Board  relative  to  pollution  of  Neponset  Reservoir    ....  76 

Consumption  of  water  in 412 

Water  supply  of,  examination  of 312 

Waltham,  consumption  of  water  in 412 

Health  of 890 

Massachusetts  School  for  Feeble-minded  at,  water  supply  of,  advice  of  Board      .  23 

Examination  of  water  fh)m  faucets  at 346 

Water  supply  of,  examination  of 343 

Examination  of  water  from  Hobb's  Brook 135 

From  Stony  Brook  storage  reservoir 133 

Heights  of  water  in 135 

Wannacomet  Pond,  Nantucket,  examination  of  water  of 243 

Ware,  consumption  of  water  in 412 

Health  of 890 

Water  supply  of,  advice  of  Board 43 

Examination  of 346 

Wareham,  Onset  Bay  Fire  District,  consumption  of  water  in 412 

Water  supply  of,  examination  of 317 

Ware  River,  examination  of  water  of,  at  Cold  Brook  station,  Barre      ....  405 

Warren,  health  of      .       •       • 890 


